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Chapter Te n 

NORTHERN GREAT PLAINS/W I L L I S TON BAS I N  

The area a s s e s s ed i n  the No rthern Gre a t  Pl a i n s  and W i l l i s ton 
Ba s i n cove rs an area o f  approx ima tely 1 2 0 , 0 0 0  s q  mi in e a s tern 
Mon tana , we s tern No rth and South Dako t a , a nd nor t he a s te r n  Wyom i ng 
( F i g ur e s  1 0 -1 a nd 1 0 - 2 ) . 

0 
I 
0 

I 
100 MILES 

I 
100 KILOMETERS 

Fig u re 1 0-1 . I ndex map of N o rthern Great P la ins showing out l i ne of study area (shaded area). 

GEOLOGY 

Cre taceous rocks h ave the be s t  po ten t i al for recovery o f  gas 
from l ow-pe rmeab i l i ty reservo irs . The po te n t i a l  i n te rval  i s  con
f ined to s trata be twe e n  the Lowe r Cre taceou s Mowry Shale  a nd the 
Uppe r Cre taceous Be arpaw Sh al e , and the i r  equ i v a l e n t s  a s  s hown in  
F ig ure 1 0 - 3 . The s equence is  cons ide red prospe c t ive where i t  ( 1 )  
i s  mar ine i n  o r ig i n ,  a nd ( 2 ) cons i s ts predom i nantly o f  a th i c k  
shale  co l umn , w i t h  m i nor i n te rbeds o f  s i l t s tone a nd s a nd s ton e , o r  
more pers i s te n t  c h a l k  bed s .  A deta i l ed account  o f  the n a t ur a l  g a s  
po ten t i al o f  t ight r e s e rvo i r s  i n  the area i s  g iven b y  R i c e  a nd 
Shur r . l 

In  general , Cretaceous rocks are an i n te r to ng u i ng sequence o f  
ma r i ne and nonma r i n e  ro cks wh i ch a t ta i n  a th i ckne s s  g re a t e r  than 
2 0 , 0 0 0  ft i n  we s te r n  Mo n tana . Th e reg ional  re l at i o ns h i p  o f  the 

1 0 - 1  
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SUB BAS I N  NUMBERS 
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I NDEX TO T I GHT GAS AREAS ( See Figure 10-2) 

NORTHERN GREAT PLA I NS - W I LL I STON BASIN 

FORMAT I ONS 

I MOWRY 
I + I I MO\�RY + GRE ENHORN 
I I GREENHORN 
I + I I + I I I MOWRY + GREENHORN + 

CARL I LE 
+ I I + I I I + I V  MOWRY + GREENHORN + 

CARL I LE +EAGLE 
I I I  CARL I LE 
I + I I I + I V  MOWRY +CARL I LE + EAGLE 
V JUD I TH R I V ER 
V I  N I OBRARA 
I + V MOWRY + JUD I TH R I VER 
I + I I I + I V  + V MOWRY +CARL I LE + 

EAGLE  + JUD I TH R I V ER 
+ I I + I I I + I V  + V MOWRY + 

GRE ENHORN+ CARL I LE + EAG LE+ 
JUD I TH R I V E R  

I I + I V  GRE ENHORN + EAG LE 
I I + I I I + I V  GRE ENHORN +CARL I LE + 

EAGLE 
I I + I I I GRE ENHORN +CARL I LE 
I + I I I + V MOWRY+ CARL I LE+ 

JUD I TH R I V ER 
I I I +V I CARL I LE + N I OBRARA 
I I I + I V  CARL I LE + EAGLE 
I + I I I MOWRY+ CARL I LE 
I + I I + I V  MOWRY + GREENHORN + EAGLE 

EXPLANAT I ON 

L i n ed patte r n  i nd i cates areas o f  I i tt l e  or n o  
p otent i a l . T here  a r e  a l so other sma l I a reas i n  
wh i ch potent i a l  reservo i r s ha ve bee n  eroded such  as  
the  L i tt l e Roc k i es ,  Cat  Creek Ant i c  I i ne ,  and  Porcu
p i ne Dome. These sma l I areas are n ot s hown on the  
map  a nd h a ve n ot been cons i dered as  p otent i a l l y  
prod u ct i ve a reas f or t h i s  r ep ort . 

T h e  arab i c  sub  bas i n  n u mbers corres pond to the l as t  
two d i g i ts i n  t h e  ca se numbers i n  t h e  econom i cs 
tab l es .  The  Roma n n u mber a l s  i dent i fy the  format i on s  
i n  each sub  ba s i n. Not a l I t he area o f  a sub  bas i n  
i s  necessar i l y cont i guou s .  Sma l I i so l ated port i on s  
o f  some s u b  ba s i ns may n ot b e  i dent i f i ed o n  the map 
w i th an arab i c  n u mber , b ut a l I conta i n  the ap pro
pr i ate format i o n  n u mbers. 



� U,l 1-(/) > (/) 
>-a: < s= a: 
� 

c:n ::J 0 w (...) < tw a: (..) 

(...) 
c:n c:n < a: ::J -, 

(/) U,l 
a: U,l (/) 

6LU wz -'LU <u c... 

a: w c... c... ::J 

a: w 
3: 0 -' 

a: w c... c... ::J 

FORMATIONS 

TELEGRAPH CREEK FM 

PIERRE 

SHALE 

���������--��-��������-�-� J... ..... --....._��----:_�..:���---_ NIOBRARA FORMATION�.....__���-� ..... �--"-..... 
��� � ���� ����-�� � �������-�����-�-�� - ��--�� 

CARLILE SHALE 

�������--�-��--��-----��-� 
--���-�� �--���������--�-�-
���

-�---_ ..... _�_,:: GREENHORN FORMATION -.....� .......... �
--�_ ..... : 

��--�- �------�-----------� 

BELLE FOURCHE SHALE 

MOWRY SHALE 

·=···:::·:. ·:::::. ·. rV1'
uoov s

·
A

-
N

·
o

·
sToN

· 
E

.:: ••• • :.·:···.··· · 
···=::·:··.·· · ·.· .·:.:. . . - ..... - .. ··.·.· . . ·.::·:·

···:·:.·-: 
SKULL CREEK SHALE 

INTERVAL 5 

INTERVAL 4 

INTERVAL 3 

INTERVAL 2 

INTERVAL 1 

�NONMARINE 
ROCKS 1::::] COASTAL 
SANDSTONES l't .......... � CALCAREOUS 

ROCKS 0MARINE 

SILTSTONES 

& SHALES 

F i g u re 1 0-3. General ized correlat ion chart of Cretaceous rocks i n  N o rthern G reat P l a i ns show i n g  f ive 
potential  intervals. 
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un i t s  and general d i s tr i b u t ion o f  fac i e s  are i l l us tra ted i n  F ig ure 
1 0- 4 . The mo s t  a c t ive source areas we re h ig h l ands to the we s t . 
The Canad ian s h i e ld , to the ea s t , prov ided l i t t l e  d e tr i ta l  ma te
r ia l . Al l o f  the  l ow-pe rmeab i l i ty reservo i r s  we re depo s i ted in  a 
shal l ow she l f  e n v i ro nme n t  a l o ng a north-so u t h- trend i ng i n te r ior 
seaway wh i c h  e x tended from the Gul f of Me x i co to  the Arc t i c  Oc ean 
d ur i ng mos t  o f  Cre taceous t ime . 

180 Ml 1290 kml 

GLACIER NA T'l PARK I 90MI1145kml I 150MI 1240 kml •I ·-' ·-· -

BEARPAW 
MTNS 

�NONMARINE ROCKS 0MARINE SHALE & 
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F""'"• []]]cHALK & LIMESTONE 
..,:,;::cALCAREOUS SHALE 

···.······::.:::-:. 

METERS FEET 
soroo 
0 0 

F i g u re 10-4. Diag ram matic cross sect ion of selected Cretaceous rocks from G l acier N at iona l  Park to 
west f lank  of W i l l i ston Basi n ,  M o ntana . 

Th e maj or s t r uc t ural  feat ures of the s t udy area are shown i n  
F i g ure 1 0- 5 . A l arge part o f  the s t ud y  a r e a  i s  s i tua ted w i th i n  the 
Wi l l i s to n  Bas i n , one o f  the large s t  s tr uc t ur a l  b a s i n s  i n  North 
Ame r ica . The bas i n  i n f l ue n c ed sed ime n t a t i o n  and f a c i e s  d i s tr ibu
t io n  d ur i ng mos t o f  Pa l e o zo i c  a nd early Me s o zo i c  t ime . Howeve r ,  
the W i l l i s to n  d id not e x i s t  as a bas i n  and d id no t e x e r t  a ny 
obse rvabl e  control o n  s ed imentat ion d ur i ng Cretaceous  t ime . 

Mos t  o f  the s t r uc t ural  fea t ure s are prod u c t s  o f  Lar am i d e  orog
eny wh i ch c l imaxed dur i ng l a te s t  Cre taceous and Pa l eo c e n e  t ime . 
Many of these s t r u c t ure s h ad precursor e l emen t s  wh i c h  o c c up i ed 
the i r  same r e l a t ive po s i t ion and i n f l uenced e a r l i e r  C r e taceous sed
imen tat ion , par t i c ul ar ly i n  the she l f  are a . 

Natural Gas Poten t i a l  

Us i ng re source e s t ima te s of s h a l l ow , l ow-p e rme ab i l i ty re s e r 
vo i rs i n  we s tern Canad a  as an analog , R i c e  and Shurr e s t imated tha t 
the s t udy are a may conta i n  re source s of n a t ur a l  g a s  i n  e x c e s s  o f  

10 - 5 
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1 0 0  TCF . l They s t a ted that the vo l ume o f  recove r ab l e  g a s  wou l d  
be d epend e n t  upo n  t h e  d eve lopme n t  o f  recovery techno logy a nd o n  
i nc reased g a s  pr i c e s . Lew i n  and As so c i a te s ,  I n c . 2 e s t ima ted that  
the  No rthern Gre a t  Pl a i n s  Prov i nce a nd Wi l l i s to n  Bas i n  con t a i n ed 7 4  
TCF o f  und i scove red g a s - i n -place and 3 5  TCF o f  techn i c a l ly r e cover
ab l e  gas . Howeve r ,  th ey only cons id e red 2 4 , 00 0  s q  mi as pro s pe c 
t ive and the i r  e s t ima te s , i n  many p l ac e s , i n c l ud e d  conv e n t io n a l  
re s e rvo i r s . T i g h t  re s e rvo i r s  a r e  d i f f i c u l t  to d i s t i ng u i sh o n  co n
ven t ional log s  in the area and are o f te n  over looke d . 

Characte r i s t i c s  o f  Traps and Re servo i rs 

Th e n a t ur a l  gas po ten t i al o f  the northern Gre a t  Pl a i n s  s t ud y  
a r e a  has a d e f i n i te l a teral a n d  ve r t i c a l  d i s tr i b u t io n . The pro 
j ec ted r e so u r c e s  o c c u r  i n  low-pe rme ab i l i ty r e s e rvo i r s  d e v e loped i n  
upper Lower a nd Uppe r Cre taceo u s  ro cks a t  s h a l low d ep t h s  ( le s s  than 
4 , 00 0  f t ) . Th e s tr a t i g raph i c  se c t io n  con s id e red po te n t i a l fo r g a s 
bear i ng t ig h t  re s e rvo i rs wa s d iv id ed i n to f ive i n te rva l s . The s e  
i n te rval s ,  wh i c h  co ns i s t  o f  one or mo re fo rma t io n s  a nd the i r  cor
r e l a t ive s are s hown on F ig ure 1 0- 3  a nd l i s ted b e low : 

( 1 ) Mowry Shale and equ ivale n t s . 

( 2 )  Be l l e  Fo urche Shale , Greenho r n  Fo rma t io n ,  a nd equ i va l en t s . 

( 3 )  Carl i l e  Shale and equ ival ent s .  

10 - 6  



( 4 )  N iobrara a nd Te l egraph Creek Fo rma t io n s ,  Eag l e  Sand s tone , 
and equ iva l e n t s . 

( 5 )  C l ag g e t t  Shal e , Jud i th River Fo rma t io n ,  a nd equ i v a l e n t s . 

Wi th i n  each i n te rva l , s everal d i f fe re n t  f a c i e s  o c c u r . The se 
fac i e s  were iden t i f i ed o n  e l e c t r i c  log s  a nd t i ed to n e a rby o u tc rops 
and cores . Each one of the se fac i e s  has d i s t i n c t  r e s e rvo i r  type s ,  
some o f  wh i ch h ave low pe rme ab i l i ty .  

S ix major fac i e s  type s -- no nma r i n e  ro cks , coa s t a l  s a nd s tone s ,  
she l f  sand s tone s ,  s i l t s to ne s , shal e s , and c h a l k s  - - we re id e n t i 
f i ed .  Each o f  these w i l l  be br i e fly characte r i z ed , alo ng w i th 
the i r  reservo i r type s and po ten t i a l  fo r g a s  prod uc t io n  f rom t ig h t  
re s e rvo i r s . Repre s e n t a t ive e l e c tr i c  logs fo r e a c h  fac i e s  a r e  s hown 
i n  F ig ur e s  1 0 - 6  and 1 0- 7 . 

I .  Nonma r i ne ro cks . No nma r i ne ro cks a c c um u l a ted i n  a var i e ty 
o f  coa s t a l  pla i n  and d e l ta pla i n  e n v i ro nme n t s . They were d e po s i ted 
d ur i ng major regre ss ive cyc l e s  and the r e fo re are commo n l y  unde r l a i n  
by coa s tal sand s tone s .  Po ten t i a l  t ig h t  re s e rvo i r s , pr imar i ly chan
nel s and s to ne s , are l im i ted i n  areal e x t en t , a nd are unpred i c table  
i n  d i s tr i bu t io n .  Bec a u s e  o f  the i r  shal low depth , low pe rme ab i l i ty ,  
and l im i ted are a l  e x t en t ,  any prod uc t io n  from the s e  r e s e rvo i r s  
wo uld h ave to be comm i ng l e d  w i th o th e r  i n te rva l s  to make e co nom i c  
we l l s . 

I I .  Coa s t a l  s a nd s to ne s . Th i s  fac i e s  con s i s t s  o f  th i ck 
( g reater than 4 0 f t ) ,  w id e s pread sand s tone bod i e s  that  were depo s 
i ted along the sho re l i n e . Be cause o f  t h e  nature o f  the i r  d epo s i 
t ional proc e s se s , coa s t a l  s and s tones are po ro u s  a nd permeab l e , a nd 
con ta i n  the pr inc i pal hyd ro c arbo n  re servo i rs i n  the Ro cky Mo un ta i n  
reg io n . Fo r e x ampl e ,  coas tal  s a nd s tones  d ev e loped i n  t h e  Eag l e  
Sand s tone prod u c e  g a s  a t  T i g e r  R i d g e  f i e ld i n  no r th-central  Mo n
tana , where they h ave an ave rage po ros i ty of 2 6  pe r c e n t  a nd pe rme a
b i l i t i e s  a s  h igh a s  1 5 0  md . 3 At s h a l low d ep t h s  of b u r i a l , the s e  
sandstones a r e  o f ten f l ushed w i th fre sh wa t e r  a nd g a s  a c c umu l a t io n s  
are s truc t ur a l ly con tro l l ed . 

I I I . She l f  sand s to ne s . She l f  sand s tones  we r e  depo s i ted i n  a 
shallow-ma r i n e  e nv i ro nme n t  that extended from the co a s t a l  zone to 
the edge o f  the s lope . In  th i s  se t t i ng , sed ime n t a t io n  wa s con
tro l l ed by c urren t  sys tems o f  vary i ng d i rec t io n  a nd i n t en s i ty .  
Sand s tones , wh i ch make up a m i no r  part o f  the to tal  she l f  s eq ue n c e , 
are th i n  ( o f ten l e s s  than 1 i n . ) ,  d i scon t i n uo u s , a nd t ig h t . Na t 
u r a l  g a s  i s  w i d e spr e ad i n  th i s  fac i e s  because low pe rmeab i l i ty 
inh ib i t s m igra t io n  and because re s e rvo i rs are e n c lo s ed i n  o rgan i c 
r ich so urce rocks . 

IV and v. S i l ts tones  and s h a l e s . S i l t s to ne s  and s h a l e s  make 
up the majo r par t of the she l f  sequenc e . The s e  two f a c i e s  are 
g ro uped toge ther at th i s  t ime because co nve n t ional log s  canno t  
d i s t i ngu i sh be tween the two ro ck type s ,  par t i c u l a r ly when they are 
inte rbedded . Bo th s i l t s tones  and s h a l e s  are po ten t i a l  low
pe rme ab i l i ty re s e rvo i rs . Pro d uc t ion from s h a l e s ,  howeve r ,  w i l l  
probably no t b e  e co nom i c  un l e s s  they are n a t u r a l l y  f r a c t ured . 
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VI . Chalks . Ch alks are f i ne-gra i ned carbo n a te sed ime n ts corn 
po s ed o f  c a l careo u s  nanno fo s s i l s  and rn ic ro fo s s i l s . 4 Chalks i n  
the s t udy area have vary i ng amoun ts o f  s h a l e  and fo rm p e r s i s te n t  
un i t s . Genera l ly , chalk s  h ave h igh po ro s i t i e s  a t  s h a l low d epth s 
and conta i n  amp l e  s to rag e capac i ty ,  b u t  they are t ig h t .  Chalks  a re 
be s t  d eve loped i n  the e a s te rn par t o f  the s t udy area away f rom the 
mos t  act ive terr ig e no u s  so urce areas . 

In  s umma ry , r e s e rvo i rs developed i n  the s h e l f  s a nd s to n e , s i l t
s tone , and chalk fac i e s  fo rm the mo s t  prom i s i ng low-pe rme ab i l i ty 
reservo i r s  and we re cons id ered as prospe c t ive fo r th i s  repo r t . 
The se re s e rvo i rs are par t i c ularly a t tra c t ive b e c a u s e  they are 
e n c lo sed by th i ck seque n c e s  o f  shal e , wh i c h  are the so u r c e  ro ck fo r 
b ioge n i c  gas , and fo rm an exc e l l e n t  s e a l  fo r the e n t r apmen t o f  gas . 

D i s tr i b u t io n  o f  Re servo i rs 

Fo r each i n t e rval , the areal d i s tr ib u t io n  of f a c i e s  w i l l  be 
d e s c r ibed and i l l u s tr a ted in F ig ur e s  1 0 - 8  through 1 0 - 1 2 .  At l e a s t  
par t o f  e a c h  i n t e rval i s  composed o f  the s i l t s tone a nd s h a l e  
fac i e s . Howeve r ,  fac i e s  o ther t h a n  s i l t s tone a n d  s h a l e  are mapped , 
i f  pre s en t . 

I n te rval 1 ( F i g u re 1 0- 8 ) . The fac i e s  map fo r i n terval 1 ,  wh i ch 
con ta i n s  the Mowry Shale and equ ival e n t s , i s  d iv id ed i n to three 
no r th-so u th- t rend i ng band s . The we s te r n  and c e n t r a l  band s i nd i c a te 
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10-10 



I 

.. . . .  

0 50 MfLES 
• 

0 50 IULO .. ETEAI 

Figure 1 0-9. Facies map for interval 2. 

0 50 .. 1LES .. I � 
0 50 I<ILO .. ETEAS 

Figure 1 0-1 0 .  Facies map for interval 3. 

10-11 



0 50 MILES 

0 50 KILOMETERS 

Fig u re 1 0-1 1 . Fac ies map for i nterval 4. 

0 50 MILES 

0 50 KILOMETERS 

Fig u re 1 0-12. Fac ies map for i nterval 5. 

1 0 - 1 2  



the d evelopme n t  o f  she l f  s an d s tones i n  the uppe r part  o f  the Mowry , 
wh i l e  s i l t s tones and s h a l e s  occur thro ugho u t  the i n te rva l i n  the 
eas tern par t . I n  the we s tern b a nd , a con t i n uo u s  s a nd s to n e  i n te r
val , a s  much as 7 0  f t  th i ck , i s  d eve loped tha t  co n t a i n s  n ume ro u s  
shale par t i ngs . I n  the c e n tr a l  band , more typ i c a l  t h i n  and d i sco n
t i no u s  she l f  s a nd s to n e s  are deve loped . 

I n te rval  2 ( F i g u re 1 0 - 9 ) .  Th i s  i n te rva l co n ta i n s the Be l l e  
Fo urche Shal e , Greenho r n  Fo rma t io n ,  and equ ival e n t  ro cks . A 
sou thwa rd-pro t rud i ng lobe o f  she l f  s a nd s to n e s , wh i c h  are deve loped 
in the uppe r Be l l e  Fo urche and lowe r Greenho r n  s e c t io n , covers a 
l arge par t  o f  the we s te r n  s t udy area . The s e  s a nd s to n e s  are loc a l ly 
cal l ed the Mo sby Sand s to n e  Member o f  the Gree n ho r n  Fo rma t io n  a nd 
the i n fo rmal Ph i l l ips and Seco nd wh i te spe cks s a nd s to n e s  o f  s ub s ur
face u s age . In the sou th we s t  corner , s he l f  s a nd s tone s d eve loped i n  
the lowe r part o f  the Be l l e  Fou rche Sha l e  are co rre l a t ive w i th the 
Fro n t i e r  Fo rma t io n  of the B ig Ho rn Ba s i n .  Bec a u s e  o f  the n ume ro u s  
unconfo rm i t i e s  i n  t h e  Fro n t i e r Fo rma t io n  a n d  t h e  l ack o f  d a ta i n  
t h e  B ig Ho r n  Mo unta i n s  a n d  Pryor upl i f t ,  t h e  e x tr eme sou thwe s te r n  
part o f  the s t ud y  area i s  unmapped . I n  the e a s te r n  reg io n ,  c h a l k s  
a r e  we l l  d eve loped i n  t h e  Greenho r n  Fo rma t io n . Cha lks a r e  a l so 
present  i n  the Gr eenho r n  i n  the so u th e rn and no r thwe s t e r n  parts , 
but the e�e c tr i c  log respo n s e  s ugge s ts that  they co n ta i n  a b u nd a n t  
shale . 

I n te rval 3 ( F i g u re 1 0- 1 0 ) .  Only the C a r l i l e  S h a l e  and i ts co r
r e l a t ive s  are i n c l ud ed in i n t e rva l 3 .  Two reg io n s  o f  s he l f  sand
s to ne s  are d eve loped . The no r thwe s t  area had a so urce area i n  
we s t-central Mon t an a . Coa s t a l  s and s to n e s  equ ival e n t  to the s e  s h e l f  
sand s to ne s  have b e e n  mapped i n  t h e  d i s turbed b e l t  where they h ave 
been co r r e l a ted w i th t h e  Card i um Sand s to n e  of Alber t a . The s e  she l f  
sand s tones are the i n fo rma l ly n amed Bowdo i n  s a nd s to n e  i n  no r th
central Mon tana . I n  the so uthern part o f  the s t ud y  are a , sh e l f  
sand s to ne s  we re depo s i ted tha t are equ iva l e n t  to the T u r n e r  S a ndy 
Member o f  the Carl i l e  Shale wh i ch crops out a lo ng the f l a nk s  of the 
Bl ack H i l l s . I n  add i t io n , a n  impure chalk fac i e s  i s  d eve loped i n  
the med i a l  part o f  t h e  Carl i l e  i n  the no rtheas tern part o f  t h e  map 
area . 

I n terval 4 ( F igure  1 0- 1 1 ) .  The N iobrara , Te l eg raph Creek , 
Eag l e , and corr e l a t ive un i t s  make up i n te rval 4 .  I n  the we s te r n  
par t o f  t h e  s tudy area , paral l e l , no rth-so u th-tre nd i ng band s o f  
no nma r i ne ro cks a n d  co a s tal s a nd s tone s d emo n s tr a t e  a we s tern so urc e  
fo r t h e  Eag l e  Sand s to n e  c l a s t i c s . Und e r l y i ng the s e  fac i e s , she l f  
sand s to n e s  are d eve loped i n  the Te l eg raph Creek Fo rma t io n .  She l f  
sand s to n e s  i n  the Eag l e  s e c t io n  fo rm a n  i rreg u l a r  pa ttern s e awa rd 
of the co a s t al sands tone s .  Th i s  fac i e s  pro j e c t s  a con s id e r ab l e  
d i s tance to the e a s t  i n  the so u thern par t  o f  t h e  s t udy a r e a  wh ere 
the she l f  sand s tone s co r r e l a te w i th the Shanno n  S a n d s to n e  Memb e r  o f  
the Stee l e  Sha l e  o f  t h e  Powe r River Ba s i n . Sh a l low g a s  wa s 
rece n t l y  d i scovered i n  th i s  fac i e s  i n  Sou t h  Dako ta near the Mon tana 
bo rd e r . Th e chalk fac i e s  in the e a s te r n  s t ud y  a r e a  ma rk s the 
we s ternmo s t  e x te n s io n  of the o l d e s t  c h a lk b e n ch d eve loped in the 
Niobrara Fo rma t io n . 
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I nterv a l  5 ( F i g ure 1 0 - 1 2 ) .  Interval 5 repre s e n t s  t h e  C l agge t t  
Shal e , Jud i th River Fo rma t io n , and co rre l a t ive un i t s .  Onc e  ag a i n 
the d i s tr i bu t io n  o f  no nma r i ne ro cks and co a s ta l  s a nd s to n e s  e x 
pre s s e s  a we s te r n  so urce a r e a  fo r t h e  Jud i th River Fo rma t io n . The 
e x ten t o f  the no nma r i ne ro cks i nd i cates  that  the J ud i th R i v e r  Fo r
ma t io n  wa s w i d e spr e ad and s urpas sed on ly by the compl e te w i thd rawa l 
o f  the s e a  d ur i ng the Fox H i l l s regre s s io n . The e a s twa rd pro j e c 
t io n s  i n  bound a r i e s  b e twe en the no nmar i ne rock s ,  coa s t a l  s and 
s tone s ,  a nd s h e l f  s a nd s tones s ugge s t  that  d e l ta i c  sed imen ta t io n  
contro l l ed the i r  d i s tr ib u t io n , even i n  she l f  e nv i ro nme n t . The d i f
feren t pa t tern fo r s h e l f  sand s tones loc al i zed over th e Cedar Cre ek 
a n t i c l i n e  i n  e a s te r n  Mo ntana emphas i z e s  an area of b e t t e r  deve lop
men t .  The reg io n  may h ave e x i s ted as a s ubma r i ne s ho a l  that  r e 
s ul ted i n  the w i nnow i ng o f  sands d u r i ng Jud i th R i v e r  depo s i t io n . 

Ea ch o f  these f a c i e s  maps i l l us trates that  the she l f  s a nd s tone , 
s i l ts tone , s h a l e , and c h a lk fac i e s  are w id e s pr e ad i n  the s t udy 
are a . Whe n  the maps fo r all o f  the i n terva l s  are comb i ned , po ten
t i al low-pe rme ab i l i ty re s e rvo i rs are pre s e n t  ove r mo s t  of the s t udy 
area . 

We s tern Canada Analog 

The ad vance s  in d r i l l i ng and prod uc t io n  te chn ique s coupled w i th 
h i ghe r  we l lhe ad pr i c e s  fo r n a t ural  g a s  s t imula ted a s urge i n  d r i l l 
i ng a c t iv i ty i n  Al berta i n  the 1 9 7 0' s . The d r i l l i ng r e s u l ted i n  
the d eve lopme n t  o f  an exte n s ive area o f  shal low g a s  en trapped i n  
t ig h t  reservo i rs o f  La te Cretaceo u s  age . Prod uc t io n  f rom t h e s e  
shal low re s e rvo i rs now cover s  an a r e a  greater than 8 , 0 0 0  s q  m i  i n  
sou th e a s tern Al berta w i th some older  prod uc t io n  i n  so u t hwe s te rn 
Saskatchewa n  ( F i g ure 1 0 - 1 3 ) .  The s i ze o f  t h i s  l a rg e  gas  a c c um u l a
t io n  i s  con t in u a l ly i ncreas i ng and i s  con t ro l l ed mo s tl y  by e co nom
i c s . Because s im i l ar fac i e s  are d eve loped thro ug ho u t  the s t udy 
area , we s tern Canad a  se rve s as a mod e l  fo r deve lop i ng and und er
s tand i ng low-pe rme ab i l i ty ga s-be ar i ng re s e rvo i r s  i n  the Un i ted 
S t a t e s  po r t io n  o f  the no r thern Grea t Pl a i n s . 

F i g ur e  1 0 - 1 4 i s  a co rre l a t io n  chart fo r g a s -prod uc t ive ro cks o f  
southeas tern Alberta and co rre l a t ive s trata o f  nor t h-central  
Mo n tana . In  Alberta , the ch i e f  prod uc i ng i n te rva l s  are the S e cond 
wh i te spe ck s  s a n d s tone , the Med i c ine Ha t Sand s to n e , and the 
equ iva l e n t  of the M i l k  River Forma t io n . F ig ure 1 0 - 1 5  i s  a g amma 
ray-e l e c t r i c  log c ro s s  s e c t io n  thro ugh the pro d u c t i ve area o f  
sou t he a s te r n  Al berta tha t  shows the s trat ig raph i c  po s i t io n  o f  the 
prod uc i ng i n t e rva l s  and the i r  pe r forated zo ne s .  All of the gas i s  
prod uced f rom t h i n  she l f  sand s to n e s  sca tte red througho u t  a t h i ck 
shale sequenc e . The s h e l f  sands tones are iden t i c a l  to t ho s e  d evel
oped w i th i n  the  s t ud y  area . 

The c lo s e s t  produc t io n  from s im i l a r , low-pe rme ab i l i ty r e s e r
vo i r s  i n  the s t udy are a come s from the Bowdo i n  f i e ld i n  no r t h 
c e n t r a l  Mo n tana ( F i g ur e  1 0 - 1 3 ) . Th e prod uc t ive i n terva l s , a s  shown 
o n  F i g ure s 1 0 - 1 4  a nd 1 0- 1 6  are she l f  s and s to n e s  d eve loped i n  the 
uppe r Be l l e  Fo urche Shale and Mo sby Sand s to n e  Memb e r  of the Gre e n
ho rn Fo rma t ion , wh i ch are loc al ly c a l l ed the i n fo rmal Ph i l l ips 
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Figure 10- 1 3 .  Map showing distribution of shallow gas fields (shaded area) in north-central Montana, southeastern Alberta, and southwestern Saskatchewan. Bowdoin field and large area in Canada produc� from tight reservoirs. Tiger Ridge field produces from structural traps of conventional reservo1 rs. 

sand s tone , and i n  the  C a r l i l e  Shal e , wh i c h  are loc a l ly te rmed the 
i n fo rma l Bowdo i n  sand s tone . A t h i n  l ime s tone i n  the upper Green
ho rn Fo rma t io n  a l so pro d uc e s  n a t ur a l  g a s . 

The o r ig i n a l  part o f  the Bowdo i n  f i e l d  wa s d ev e loped thro ugh 
the 1 9 5 0' s  and cove red an area of 2 0 0  sq m i . Mo s t  o f  the we l l s  
were na t ural , ope n -ho l e  compl e t io n s  a t  d epth s be twe e n  8 0 0  a nd 1 , 0 0 0  
f t .  Wi th the adve n t  o f  improved we l l -compl e t io n  techno logy a nd g a s  
pr i c e s  i n  t h e  1 9 7 0' s ,  t h e  f i e l d  was extended no r t h  to t h e  Canad i a n  
borde r  and now cove r s  an are a g reater than 6 0 0  s q  m i . The recen tly 
d eveloped pro d uc t io n  o c c urs a t  d epths rang i ng be twe e n  1 , 2 0 0  and 
1 , 8 0 0  f t  and the reservo i rs req u i re ar t i f i c i a l  s t im u l a t io n  be fo re 
the prod uc t io n  can be con s idered commerc i a l . De ta i l s  o f  th i s  
recent explo ra t io n  are s umma r i zed by Nydegge r ,  Ri c e , a nd Brown . S 

In  1 9 7 2 ,  the governme n t  o f  Alberta be c ame i n te r e s ted i n  the gas  
re s e rve s o f  the Su f f i e ld b lo ck , wh i c h  is  c e n t ra l i z ed in  the prod uc
t ive area o f  sou th e a s te r n  Alberta ( F i g ure 1 0 - 1 3 ) . The b lock , wh i ch 
cove rs an area o f  1 , 0 0 0  s q  m i , wa s eva l ua ted by a 7 7 -we l l  prog r am ,  
the resul t s  o f  wh i ch we re repo r ted i n  1 9 7 4 . 6 , 7  The s e  repo r t s  
repre sent t h e  mo s t  compl e te do cume n ta t io n  o f  Cre taceo u s  g a s  pro
d uc t io n  from t ig h t  reservo i rs in the no rthern Gr e a t  Pl a i n s . The 
extrapo l a t io n  of these d a ta emphas i ze s  the n a t ur a l  g a s  po ten t i al o f  
the Un i ted S t a te s  po r t io n  o f  the no rthern Gr e a t  Pl a i n s . 
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Figure 1 0- 1 4 .  Correlation chart of selected Cretaceous rocks in southeastern Alberta and north-central Montana showing currently gas productive intervals and those with potential for production from tight reservoirs. 
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On the bas i s  o f  re s i s t iv i ty mapp i ng and ind i c a te d  prod u c t ion 
from 77  w i d e ly spaced we l l s , gas  re s e rve s i n  the  S u f f i e ld b l o ck 
we re ass igned to e ach o f  the product ive Uppe r Cre taceous i n terva l s  
- - Second wh i te spe ck s , Med i c ine Ha t ,  a nd M i l k  R i ve r . The Lowe r 
Cretaceo u s  Bow I s l and Forma t i on and Gl aucon i t i c  Sand s tone o f  the 
Manv i l l e  Group we re a l so e x ami ned , but they conta i n  conve n t ion a l  
rese rvo i r s  a n d  occur a t  greate r  depth s . The S u f f i e l d  block wa s 
a s s igned a ga s - i n-pl ace re s e rve f ig ure o f  3 , 5 3 3  B Cf for the three 
Uppe r Cre tac eou s un i t s and a recove rable s a l e s  gas f ig ur e  of 2 , 5 3 3  
BCF . 6 

Pas t  Explorat ion H i s tory 

A s ta t i s t i c a l  s umma ry of the recent e xplora t io n  h i s to ry and 
perfo rmance of the i nd u s try for Central Mo ntana and Wi l l i s ton Ba s i n  
i s  g iven i n  Table s 1 0 - 1  and 1 0 - 2 . The se s t a t i s t i c s  are b a s ed o n  
AAPG d a ta w i th some mod i f i c a t ions t o  e l im i na te l ow r i sk f i e ld 
extens ion we l l s . Un for t una t e ly , the s t udy area for the e s t ima te s 
g iven i n  th i s  repo r t  does  not fal l pr ec i se ly w i th i n  t h e s e  AAPG 
provi nce s .  Th i s  s t udy area for th i s  repo r t  i nc l ud e s  the we s te r n  
part of the Wi l l i s to n  Ba s i n ,  northern pa r t  o f  Ce n tr a l  Mo n t ana , a nd 
eas tern par t of the Swee tgras s Arch . Howeve r ,  the s t a t i s t i c s a s  
shown i n  the tab l e s  d o  show the general trend s i n  e xpl o ra t ion . 

The d a ta apply to al l forma t ions o f  a l l  ag e s  i n  the two areas 
for the per iods 1 9 6 0  to 1 9 6 9  and 1 9 7 0  to 1 9 7 7 .  E s t ima te s  i n  th i s  
repo r t  are l im i ted to the l ow-pe rme ab i l i ty r e s e rvo i r s  o f  La te 
Cre taceous age that  oc c ur a t  depths general l y  l e s s  than 3 , 0 0 0  f t .  
The s e  rese rvo i rs have general ly been unrecog n i z e d  and un expl ored 
un t i l  the l a s t  f ew ye ar s . 

The s ta t i s t i c s  for the W i l l i s ton Ba s i n  s how tha t there has been 
r e l a t ively l i t tl e e f fo r t  i n  e xp l o r i ng for n a t u r a l  gas throug hout 
the to tal per i od . Th e W i l l i s to n  Bas i n  conta i n s  l a rge q u an t i t i e s  o f  
o i l i n  conve n t ional reservo i r s  of Pa leozo i c  age . Th i s  o i l has been 
the maj o r  targe t d ur i ng the 1 9 6 0' s  and 1 9 7 0' s  a nd e xplora t ion has 
been cond uc ted ma inly by ma j o r o i l  compa n i e s . 

Expl oration  s ta t i s t i cs for Central Mon tana a s  shown i n  Tab l e  
1 0 - 2  g ive a be tter i nd i c a t io n  of the t r e n d s  i n  our s t ud y  area a s  a 
who l e . The to tal number o f  w i l d cats , n umber o f  s uc c e s s f ul w i l d c a t s  
for gas , and amo un t o f  n a t ural  gas  d i scove red i nc r e a s ed d r ama t i c 
a l ly from the 1 9 6 0' s  to the 1 9 7 0' s .  We b e l i eve th i s  i nc re a se 
re flects the h igher pr i c e s  o f  gas and improved recove ry technology . 
The d e crease i n  we l l  depths from the 1 9 6 0' s  to 1 9 7 0' s  i nd i c a ted the 
trend toward e xplora t io n  for shal low gas a c c umul a t ions  of b iogen i c  
o r ig i n .  

Unce rta i n ty of Re s e rves 

Sh al l ow g a s  i n  the No rthern Gre a t  Pl a i n s  is i n terpre ted to be a 
prod uc t of the imma t ure s t age of hyd roc arbon g e n e ra t i o n . The g a s  
was g e nera ted i n  rap id ly accumu l a t i ng sed ime n ts b y  l ow- tempe ratur e  
decompos i t io n  of o rgan i c  ma tter b y  anae rob i c  m i c roorgan i sms and i s  
refe rred to a s  b i og e n i c  g a s . Natural g a s  i n  the o th e r  t ig h t  g a s  

1 0 - 1 9  



...... 0 I N 0 

Number of Successful Wildcat Wells 
Total 
G<:�s 
Oil 
Oi I and Gas 

Amount of Petroleum Found 
Tota I, HHBOE ,'n'c 
Gas, BCF 
0 I I , HH B b I s . 

Number of Wildcat Wells 
Total 
Gas ,., 
0 I 1 ''r 
Oil and Gas 

Number of Wildcats/Year 

Percent WIldcats Successful 
Total 
Gas 
Oil 
Oi I and Gas 

Amount Found/Successful Wildcat
� 

Tot a I, HHBOEE 
Gas, eCF 
011, :·IH Bbls 

Average Depth of Wells, H ft. 
Oil 
Gas 

TABLE 10-1 
EXPLORATION PERFORMANCE- Williston Basin 

All 
We lis 

12.6 
0 

125 
I 

161.3 
0 

157.6 

1517 
0 

1505 
12. 

152 

8 . 3  

8 . 3  
8.3 

1.3 

1.3 

8.39 

1960 - 1969 
New New Pools & 

Fields Deeper Prod. 

102 24 
0 0 

101 2.4 
I 0 

101.8 
0 

98.5 

1454 
0 

1442 
12 

145 

7.0 

7.0 
8.3 

1.0 

1.0 

8.06 

59.5 
0 

59.5 

63 
0 

63 
0 
7 

38. 1 

38. 1 

2..5 

2.5 

9.76 

1970 - 1977 
All New New Pools & 

Wells Fields Deeper Prod. 

12.0 
2. 

118 
0 

108 
2. 

106 
0 

2.92.. 8 2. 72. . 5 
2. .  1 2. 1 

275.9 255.6 

994 
17 

977 
0 

124 

12.. 1 
11.8 
I 2. . I 

2.4 
o. 1 
2.3 

10.18 
6.75 

959 
16 

943 
0 

120 

11.3 
12..5 
11.3 

2.5 
0.1 
2.4 

10.14 
6.75 

12 
0 

1 2. 
0 

2.0.3 
0 

20.3 

35 
1 

34 
0 
4 

34.3 
0 

35.3 

1.7 

1.7 

10.53 

1960 - 1977 
All New New Pools & 

Wells Fields Deeper Prod. 

2.46 2.10 36 
2 2. 0 

2.43 2.07 36 

454 . 1 
2. 1 

433.5 

2511 
17 

252.2. 
12 

140 

9.8 
11.8 

9.6 
8.3 

1.8 
1.1 
1 . 8  

9.2.6 
6.75 

1 0 

374.3 
2. I 

354.1 

2413 
16 

2385 
12 

134 

8.7 
12.5 

8.7 
8.3 

1. 8 
1.1 
1.7 

9. 13 
6.75 

79 . 8  
0 

79 . 8  

98 
1 

97 
0 
6 

36 . 7  
0 

37. 1 

,2. .  2. 

2.2. 

10.03 

,·c Estimated by multiplying the number wildcats by the same percentage distribution as the successful wildcats. 
,•n•c Includes gas In solution with oil and condensate produced with gas. Conversion 5.8 HCF"" 1 bbl oil. 
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Numbe·· of S•Jccessful Wildcat Wells 
Total 
Gas 
Oi 1 
0 i I and Gas 

Amount of Petroleum Found 
Tota I, HHBOE '''"''' 
Gas, BCF 
Oil, HH Bbls. 

Number of Wildcat Wells 
Total 
Gas 1c 
0 i 1 ,., 
Oil and Gas 

Number of WildcatS/Year 

Percent Wildcats Successful 
Total 
Gas 
011 
Oi 1 c>nd Gas 

Amount Found/Successful Wildcat 
Tota 1, HHBOE E 
Gas, BCF 
011, HH Bbls 

Average Depth of Wells, H ft. 
Oi 1 
Gas 

TABLE 10-2 
EXPLORATION PERFORMANCE 

1�60 - 196� 
All New New Pools & 

Wells Fields Dee�er Prod. 

70 54 16 
26 22 4 
44 32 12 

0 0 0 

56.9 53.6 3.3 
253. 1 244.7 8.4 

13.0 11.2 1.8 

1135 1083 52 
421 402 19 
714 681 33 

0 0 0 

113 108 5 

6.2 5.0 30.3 
6.2 5.5 21. 1 
6.2 4.7 36.4 

0.8 l. 0 0.2 
9.7 11. 1 2. 1 
0 . 3 0.4 0.2 

3. 70 3.89 3.19 
2.59 2.55 2.83 

-Central Montana Basin 

1970 - 1')_77 
All New New Pools & 

We 11 s F I e 1 d..2_ [)_eE'!Q�� P_r()d . 

179 153 26 
153 131 22 

26 22 4 
0 0 0 

101.4 92.2 9.2 
514.9 470.0 44.9 

5.3 4.5 0.8 

1720 1643 77 
1471 1405 66 

249 238 11 
0 0 0 

215 205 10 

10.4 9.3 33.8 
10.4 9.3 33.3 
10.4 9.2 36.4 

0.6 0.6 0.4 
3.4 3.6 2.0 
0.2 0.2 0.2 

3.57 3.58 3.55 
1. 94 1.88 2.34 

1�60 - 1977 
All New New Pools & 

Wells Fields Deeper Prod. 

249 207 42 
179 153 26 

70 54 If 
0 0 0 

158.3 145.8 12.5 
768.0 714.7 53.3 

18.3 15. 7 2.6 

2855 2726 129 
1892 1807 85 

963 919 44 
0 0 0 

159 151 7 

8. 7 7.6 32.6 
9.5 8.5 30.6 
7. 3 5.9 36.4 

0.6 0.7 0.3 
4.3 4.7 2.05 
0.3 0.3 0.2 

3.65 3.76 3.28 
2.04 1. 97 2.42 

-;•: Estimated by multiplying the number wildcats by the same percentage distribution as the successful wl ldcats. 
··.':....': Includes gas In solution with oil and condensate produced with gas. Conversion 5.8 HCF = I bbl oil. 



s a nd bas i n s  h a s  b e e n  genera ted dominan t l y  by the rmal d eg r ada t io n  
a nd crack i ng r e ac t io n s . B io g e n i c  g a s  i s  c h a r a c te r i ze d  by the 
enr i chme n t  of the l ig h t  i so tope c l 2 i n  the  me t h a n e  ( 1 3c l 
v a l u e s  l ig h te r  than - 5 5  °/ . .  r e l a t ive to PDB s ta nd a rd ) a nd by 
l a rger propo r t io n s  o f  me thane ( Cl/ C l- 5 > 0 . 9 8 ) . 

In  the No rthern Gre a t  Pl a i n s , b iogen i c  g a s  i s  a s so c i a ted w i th 
sed ime n ts d e po s i ted i n  a ma r in e  env i ro nme n t .  The g a s  wa s probably 
genera ted loc a l l y  because it is  en trapped i n  t ig h t  re s e rvo i r s  wh i c h  
are i n  c lo s e  commun i c a t io n  w i th o rga n i c - r i c h  s h a l e s . I n  mar i n e  
s ed ime n t s , a s uc ce s s io n  o f  m i c ro b i a l  eco s y s t ems l e ad s  to t h e  gene r
a t io n  o f  the g a s . Af ter o xyge n  i s  co n s umed by a e ro b i c  re sp i r a t io n , 
s u l f a te red uc t io n  b e come s the dominant fo rm o f  re s p i ra t io n . Me t h 
ane gen e r a t io n  a n d  accumu l a t io n  become dom i na n t  o n l y  a f t e r  the 
s u l fa te i s  deple ted . The mo s t  impo r tan t me chan i sm o f  me thane pro
d uc t io n  a f t e r  sed ime n t  bur i a l  are ano x i c  e nv i ro nme n t ,  s ul f a te 
d e f i c i e n t  e nv i ro nme n t ,  low temper a t ure , ava i l ab i l i ty o f  o rgan i c  
ma t te r , and s u f f i c i e n t  space . The s e  f a c to r s  con tro l the t im i ng and 
depth o f  b iogen i c  g a s  g e nera t io n  s uch tha t mo s t  o f  t h e  gas  i s  
probably g e n e r a ted pr io r  to bur ial depths o f  3 , 0 0 0  f t  e a r l y  i n  the 
bur i al h i s to ry as d e scr ibed above . De ta i l s  o n  the genera t io n , 
accumu l a t io n , a nd characte r i s t i cs o f  b iogen i c  g a s  are g iven by R i c e  
a n d  Claypoo l . 8 

An a l t e r n a t ive i n te rpre ta t ion i s  that  the g a s  wa s g e n e r a ted i n  
recent g eo lo g i c  t ime b y  m i c ro b iolog i c a l  a c t i v i ty .  Rec e n t  i n  th i s  
context wou l d  me an d u r i ng the Qua ternary o r  pe rhaps d u r i ng the 
Pl iocen e . The anaero b i c , me thanoge n i c  m i c roo rgan i sms wo uld e n t e r  
t h e  s ub s ur fa c e  a long f a u l t s , frac t ur e s ,  a nd o u t c rop s . They wo u l d  
u t i l i ze C 0 2 and d eg r ad a t io n  prod uc ts f rom a e ro b i c  b a c te r i a l  co n
s ump t io n  of c rud e o i l  to generate the g a s  a nd t h u s  they wo u l d  be 
concentra t ed alo ng o i l-m ig ra t io n  pa th s . I f  the  b iogen i c  gas  wa s 
genera ted by t h i s  mech a n i sm , the r e s ul t i ng a c c umul a t io n s  wou l d  be 
are a l ly re s tr i c ted and the re s e rve s wo uld be abo u t  o n e- t e n th o f  
tho s e  e s t ima ted . ( Se e  the Appe nd i x  to Ch apte r 1 0  loc a ted a t  the 
rear of th i s  vo l ume fo r f urther d i sc us s io n . )  

The o c c urrence o f  n a t ural  gas i s  con s ide r ed to b e  w id e s pr e ad i n  
the No rthern Gre a t  Pl a in s  fo r two reaso n s . F i rs t ,  g a s  g e n e ra t io n  
i s  inte rpreted to b e  con t ro l l ed b y  b io lo g i c a l  a c t i v i ty a t  shal low 
d epths in accumu l a t i ng o rg a n i c - r i ch sed ime n ts as d e sc r i bed above . 
Seco nd , th i ck s equence s o f  o rgan i c-r i ch s h a l e  w i t h  th i n  ( o f t e n  l e s s  
than 1 i n . ) ,  d i s co n t i nuo u s  beds and l am i nae o f  s and s to n e  and s i l t
s tone are probab l y  d eveloped over l a rge areas o f  the Northern Grea t  
Pl a ins based o n  paleogeograph i c  recons truc t io n  and d e t a i l ed s t ud i e s  
o f  outcrops ,  core s ,  and g eophys ical  log s . The bed s a nd l aminae o f  
sand s tone and s i l t s to n e  a r e  the t ig h t  r e s e rvo i rs and t h e  s h a l e  
s e rved f i r s t  a s  a so urce and l a ter a s  a s e a l  fo r the g a s . However , 
c lose we l l  co ntro l  i s  l a ck i ng i n  many areas a nd w i l l  be needed to 
f u l ly eva l u a te the re so urce po ten t i al . 

The No rthern Gre a t  Pl a i n s  i s  the l arge s t  o f  the a re a s  eva l ua ted 
i n  th i s  repo r t  ( 1 2 0 , 0 0 0  sq m i ) and i s  probably l arger than al l o f  
the are a s  comb i ned . Le s s  than 4 0  pe rc en t o f  the to t a l  area i s  co n
s id e red pro s pe c t ive and only in the pa r t s  whe re she l f  s a nd s to n e s  

1 0 - 2 2  



are d eveloped because " swee t  s po t s "  may be pre s e n t  wh i ch wo uld 
r e s u l t  i n  early e conom i c  deve l opme n t . Re s e rve s in  the prospe c t ive 
area are about 3 B C F  per s e c t ion wh i c h  is  c omparab l e  to t h e  S u f 
f ie l d  Block i n  sou th e a s te r n  Al berta . 6 

In  the sou the a s te r n  Alberta g a s  poo l , abou t one h a l f  ( 7  TCF ) o f  
the re s e rve s oc c ur i n  t h e  s i l t s tone fac i e s  o f  t h e  M i l k  R i ve r  Forma
t ion eq u iva l e n t . I f  the s i l t s tone fac i e s  wa s c on s id e red a s'pros
pec t ive for th i s  repor t ,  the re se rve s for the Northern Gre a t  Pla i n s  
would b e  cons i d e rably l arg e r . 

Improved gas  pr i c e s  and recove ry techno l ogy , a nd p i pe l i n e s  are 
needed to d eve l op the po ten t i a l ly l a rge s h a l low g a s  re s e rve s in  the  
No rthern Gre a t  Pl a in s . S ig n i f icant  i ncre a s e s  i n  g a s  pr i c e s  have 
l ed to the widespr e ad d eve l opme n t  of shal l ow gas  in Al berta from 
ide n t i c a l  reservo i rs a s  d eve l oped i n  the U . S . po r t i o n  o f  the  Nor th
ern Gre a t  Pla i n s . Par t  of these re s e rve s are e xpo r t ed to Montana 
wh i ch impo rts 50  perce n t  of i ts g a s  s uppl y f rom Canad a . 

PRODUCTION 

The Northern Gre a t  Pla i n s/W il l i s ton bas i n  are a ( Ar e a s  1 a nd 2 ,  
F ig ur e  7 ,  Pa r t  I ) ,  wh i c h  cove rs 1 2 0 , 0 0 0  squares m i l e s , i s  the 
large s t  bas i n  s t ud ied . The r e fore , i t  is not  s urpr i s i ng tha t th i s  
area a l so has  the l a rge s t  t i g h t  gas  re source b a s e , 1 0 0  TCF ( se e  
Tab l e  8 ,  Pa r t  I ) . S i x  pay forma t ions i n c l ud ed i n  the s t ud y  ( Mowry , 
Greenhorn , Car l i l e , N iobrara , *  Eag l e , *  and Jud i th R i ve r )  we re con
s id e red i nd iv i d u a l l y  in F ig ur e s  1 0 - 8  through 1 0 -1 2 ,  and in c omb i na
t ion i n  F ig ure 1 0 - 2 . Th i s  e xh ib i t  locates  the 2 0  s ubba s i n s  tha t 
have from one to f ive pay forma t ions . Forma t io n  d e p t h s  range from 
1 , 4 0 0  to 4 , 0 0 0  fee t .  Mul t i pl e  pay areas are d eve l oped v i a  bore hol e  
commi ng l i ng .  Th i s  i s  e co nom i c a l ly a t t r a c t ive and i s  po s s i b l e  d ue 
to the c ommon fo rma t io n  chara c te r i s t i c s  and r e l a t i ve ly sma l l  ve r t i 
cal d i s tances be twe e n  forma t ions . 

Mo s t  f i e l d s  are expec ted to be sma l l  ( F i g ur e  1 0 - 1 7 )  whe re the 
ave rage s i z e ( 5 0 pe rcent c umul a t ive prob ab i l i ty of o c c urre nce ) for 
mu l t iple pay f i e ld i s  1 6  BCF . On ly 1 pe rce n t  of the f i e l d s  wi l l  be 
as l a rge as 1 0 0  BCF . Ind iv idual f i e l d s  c o uld cover from 3 to 2 , 6 0 0  
sect ions . Bowd o i n  Dome and Su f f i e ld B l ock-Me d i c i n e  H a t  F i e ld s  
cove r 6 0 0  a nd 1 , 0 0 0  s e c t ion s , respe c t ively . A l t hough f i e l d  s i ze 
may be geog raph i c a l l y  l a rge , recovery per prod u c t ive s e c t i o n  ( 3 . 1  
BCF per s e c t ion aver age c a l c ula ted from Tab l e  1 0 - 5 ) a nd recove ry 
per gro s s  s e c t ion ( 0 . 8 3 BCF per s e c t i o n  fo r the 1 2 0 , 0 0 0  s e c t io n s  o f  
to tal bas i n  are a ) i s  smal l .  Low fo rma t ion pre s s ure a t  shal l ow 
d epths , l ow po ros i ty ,  h ig h  wa ter satur a t ion , a nd mod e s t  ne t th i ck
ne ss r e s u l t  i n  r e l a t ively l ow amo un t s  of i n-pl a c e  o r  recover a b l e  
gas  per s e c t i o n  of re servo i r  ( e . g .  Tab l e  1 0 - 1 4 ) .  Explora t i o n  s uc 
ce s s  ranges from 0 to 4 1  pe rcent and averag e s  about 1 8  percen t ,  
whe reas d eve l opme n t  s uc c e s s  wa s constant a t  8 0  percen t ( see " Eco
nom i c s  Summa r ie s "  for e ach s ubba s i n  s tart i ng wi t h  Tab l e  1 0 - 1 2 ) .  

* N i obrara and Eag l e  are cons idered equ i v a l e n t .  

1 0 - 2 3  
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Figure 1 0-1 7 . Field Size Distribution of Producible Gas, Northern Great Plains. 
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SOURCE: Petroleum Information Corporation. Updated to January 1980. 
Figure 1 0-1 8 .  Oil and Gas Fields Map-Northern Great Plains/Williston Basin. 



Prod uc t io n  r a t e s  and 3 0 -ye ar c umul a t ive prod u c t ion for the 
Mowry fo rma t io n  a re shown in Tabl e  1 0 - 8  for the b a s e  c a s e  and i n  
Tab l e  1 0 - 9  for the advanc ed c a se . The e f f e c t  o f  the ad van c ed tech
nology i s  ev id e n t : 

TABLE 1 0- 3  

ls  t .  Ye ar Ra te 
Be s t  We l l s  ( 0 . 3  md ) MMC F/Yr 
Poore s t  We l l s  ( O . O O lmd ) MMCF/Yr 

3 0-Ye ar C ummul a t ive 
Be s t  We l l s ( 0 . 3  md ) MMCF 
Poo re s t  We l l s  ( 0 . 0 0 1  md ) MMCF 

Ba s e  
Case 

4 8  
1 0  

6 1 1  
7 6  

Ad vanced 
C a s e  

6 8  
3 4  

8 7 9  
2 7 3  

% I ncrease 

1 4 2  
3 4 0  

1 4 4  
3 5 9  

Also , the e f fe c t  o f  s tack i ng ( commi ng l i ng )  s e v e r a l  pays can be 
d e te rm i n ed by c ompar i ng a Mowry we l l ' s  f i r s t  ye a r  rate s and 3 0 -yea r  
c umu l a t ive prod u c t ion ag a in s t  those of a comm i ng l ed we l l  whe re the 
Mowry , Greenhorn , Carl i l e , E ag le and Jud i t h  R i ve r  are c omple ted 
( see Tab l e s  1 0 - 7 1  and 7 2 ) :  

TABLE 1 0 -4 

Base Case Ad vanced C a s e  
Mowry S tacked % I nc r .  Mowry S ta cked % I n c r . 

1s t .  Ye a r  Ra te 
( 0 . 3 md ) MMCF/Yr 4 8  3 5 8 7 4 6  6 8  5 1 0  7 5 0  
( 0 . 0 0 1  md ) MMC F/Yr 1 0  5 7  5 7 0  3 4  1 8 5  5 4 4  

3 0 -Ye a r  Cumula t ive 
( 0 . 3  md ) BCF 0 . 6 1 1  4 . 6 5 9 7 6 3  0 . 8 7 9  6 . 5 0 9  7 4 1  
( 0 . 0 0 1  md ) BCF 0 . 0 7 6  0 . 4 1 6  5 4 7  0 . 2 7 3  1 .  4 7 9  5 4 2  

Tab l e  1 0 - 8 0  exh i b i t s another bene f i t  o f  advanced techno logy ; 
i . e . , the n umb e r  of we l l s nece s s a ry to d eve l op re cove r a b l e  gas  i s  
red u c ed . Fo r exampl e ,  a t  0 . 0 3 md , req u i red we l l  d e n s i ty i s  reduced 
from 3 . 3  we l ls per s e c t i on i n  the base c a se to 1 . 3 we l l s per s e c 
t ion i n  t h e  ad vanced case . 

No rthern Gre a t  Pl a i ns/Wi l l i s ton bas i n  t ig h t  g a s  fo rma t io n s  are 
cons idered blanke t .  Wi th the excep t io n  of the N i obrara , wh i c h  is a 
Chalk , the prod u c t ion i n terva l s  are u s u a l l y  sma l l  sand s tone or 
s i l t s tone s t r i ngers i n  l arge shale i n te rva l s . The s e  pays are hard 
to locate and quan t i fy wi th ex i s t i ng eva l ua t io n  techn ique s .  In  
general , f i e ld s  w i l l  be s tr a t igraph i c  a s  oppo s ed to s tr uc t ur e  
r e l a ted . 

1 0 - 2 6  



ECONOM ICS 

An eva l u a t ion of Tab l e  1 0- 6  wo uld imply tha t ,  w i th the excep
t ion of s i ng l e pay s ub ba s i n s , there should  be s ig n i f i c a n t  qua l i t i e s  
of base c a s e  g a s  be i ng d eve l oped a t  $ 2 . 5 0/MC F  ( co n s tant 1 9 7 9  d o l 
l ars ) . Eve n  thoug h some pr i c i ng i s  now a l l owed t o  approach $ 2 . 5 0 /  
MC F ,  ve ry l i t tl e  o f  th i s  gas  i s  be i ng d ev e l oped a t  th i s  t ime a s  a 
resul t of factors no t obvious from the var io u s  tabl e s . Th ree ma j or 
re a sons e x i s t : 

• Ga s pr i c i ng i s  now j u s t  s t ar t i ng to approach the requ i r ed 
incent ive pr i c e . 

• There are no p i pe l i n e s  ava i l ab l e  to transpo r t  the g a s  to 
ma rke t .  P i pe l i n e  costs  are not i n c l uded in th i s  s t ud y . 
Be cause o f  l ow forma t ion pre s s ure none o f  th i s  l ow r a te g a s  
can b e  prod uced t o  p i pe l i ne wi thout c ompre s s io n ; many l ow 
rate we l l s  are needed before ma j o r p i pe l i ne i nve s tme n t s  are 
mad e . 

• Mo s t  of the e x i s t i ng expl ora t io n  and d ev e l opme n t  d r i l l i ng i n  
th i s  a r e a  has  b e e n  d evo ted to more pro f i tab l e  o i l  pays a t  
deepe r depth s . In  many c as e s  the shal l owe r t ig h t  g a s  pays 
we re not eva l ua ted or even d e te c ted d ur i ng d r i l l i ng .  Th i s  
i s  par t i a l ly the re s u l t  o f  the l og ide n t i f i c a t i o n  prob l ems 
noted pr eviou sly . 

One i n te re s t i ng a s pe c t  o f  d eve l op i ng t h i s  area i s  we l l  cos t . 
On e examp l e  i s  g iven i n  Tab l e  1 0 -4 6 .  Dr i l l i ng i s  a very m i no r  
i nve s tmen t  i t em ( $ 5 1 , 0 0 0 )  c ompared t o  base  c a s e  ( $ 8 4 , 0 0 0- $ 1 6 1 , 0 0 0 ) 
o r  ad vanced case ( $ 1 0 6 , 0 0 0 - $ 6 0 6 , 0 0 0 ) frac tur i ng cos t .  Eve n  s ur f ace 
fac i l i t i e s ,  wh i ch i n c l ud e  c ompre s s ion a nd proc e s s i ng eq u i pmen t  as 
we l l  as  ga ther i ng l i nes , costs $ 1 0 3 , 0 0 0  -- ove r tw i c e the d r i l l i ng 
co s t .  

Tab l e  1 0 - 6  s hows t h a t  5 4 . 7 TC F ,  o r  5 5  percen t ,  o f  the  max imum 
recove rab l e  g a s  ( 1 0 0 . 2 TC F ,  Tab l e  1 0 - 5 ) , i s  recove rab l e  a t  $ 2 . 5 0/ 
MCF wi th base c a se technology . H igher pr i c e s  ( $ 9 . 0 0/MC F )  and 
advanced technology c ou l d  improve recove ry to 9 9 . 3  T C F  or nearly 
a l l  the re coverable g a s , but p i pe l i n e s  and gas ma rke t s  wo u l d  be 
neces sary . 

1 0 - 2 7  
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BAS I N  

N o rthe rn G reat 
P l a i ns 
W i l l i s t on 

Bas i n  Tota l  

S UB -BAS I N  FORMAT I ON 

Mowry 
Mowry + G reenho r n  
Mowry + Ca r l i 1 e 

TAB L E  1 0- 5  

Mowry + G reenho rn + Ca r l i l e 
Mowry + G reenhorn + C a r l i l e + Ea g l e  
Mowry + G reenho rn + E a g l e 
Mowry + J ud i th R i ve r  
Mowry , Ca r l i l e ,  E ag l e 
Mowry , C a r l i l e ,  Eag l e ,  J ud i t h R i ve r  
Mowry , Ca r l i l e ,  J ud i t h R i ve r  
G reenho r n  
G reenho rn and C a r l i l e 
G reenhorn + Eag l e 
G reenho rn , Ca r l i l e ,  E ag l e  
Ca r l i l e 
N i ob ra ra 
Ca r l i l e ,  Eag l e  
J ud i th R i ve r  
Mowry , G reenho rn , C a r l i l e ,  Ea g l e ,  J u d i t h R i v . 
Ca r l i l e and  N i ob ra ra 

PRODUCT I V E 
AREA 

(SECT I ONS) 

1 ' 228 
1 J 03 1 
1 ' 1 65 
2 , 600 
2 ,  27 2 
1 , 8 3 2 
2 , 3 6 1  
1 , 602 
2 , 1 1 5 
1 ' 256 
2 , 25 0  

46 0  
1 J 43 1 

8 04 
2 , 700  
1 J 283 

8 1 5 
3 , 9 1 0  

870  
745 

3 2 , 73 0  

MAX I MUM 
R ECOV E RABLE 

GAS 
(BCF) 

1 , 298 
2 , 22 1  
3 , 5 2 2  

1 0 , 3 3 1 
1 2 , 1 65 
5 , 386 
4 , 836  
7 ' 3 9 1 

1 1  , 966 
4 , 5 1 4  
2 , 24 5  
1 ' 1 88 
4 , 036 
3 , 3 5 3  
3 ' 945 
7 , 095  
2 , 1 86 
3 , 093 
5 ,  934 
3 , 48 1  

l 00 ' 1 86 



TABLE 1 0 -6 

SUMMARY OF NORTHERN GREAT P LA I N S - W I L L I STON BAS I N  GAS POTEN T I AL 

BASE ADVANCED 
BAS I N  SUB-BAS I N  FORMAT I ON $2 . 50 $ 5 . 00 $9 . 00 $2 . 50 $ 5 . 00 $ 9 . 00 

Nort hern Great Mowry 0 6 1 4 1 0 54 0 937 1 298 

P l a i n s - Mowry + Green horn 1 667 202 1 2022 1 998 222 1 222 1 

W i l l i ston Mowry + Ca r l i l e 2 7 5 5  3037 3037 3487 3522 3522 

Mowry + Green horn + Car l I l e  8365 904 1 9062 1 0255 1 033 1 1 033 1  

Mowry +Greenhorn +Ca r l i l e +Eag l e  8926 1 009 1 1 0 1 27 93 58 1 2 1 6 5  1 2 1 6 5 

Mowry + Green horn + Eag l e  37 28 4 1 80 4 1 92 4023 5327 5386 

Mowry + J u d i th R i ver 0 4082 4097 3785 4836 4836 

Mowry , Car l I l e ,  Eag l e  52 1 5  59 1 7  5933 5 580 739 1 739 1 

1-' Mowr y , Ca r l i  l e , Ea g l e , J ud i th R i v . 784 3 9038 9067 8764 1 1 84 2  1 1 966 
0 Mowry ,  Car l I l e ,  J ud i th R i ver 33 1 3  3682 3694 4466 4 5 1 4  4 5 1 4  

I 
w Green horn 0 1 670 1 906 0 204 1 22 1 6  
0 Green horn and Ca r l i l e 92 1 998 1 000 987 1 1 88 1 1 88 

Greenhorn + Eag l e  2747 3 1 4 3 3 1 5 5 2934 3984 4036 

Green horn , Car l I l e ,  Eag l e  2397 2695 2708 2596 33 1 0  3353 

Ca r l i l e 0 2862 3 1 1 6  0 3 1 96 394 5 

N i obrara 6756 6843 6843 709 1 709 1 709 1 

Ca r l I l e , Eag l e  1 202 1 623 1 623 1 589 2 1 56 2 1 86 

J u d i th R i ver 0 0 1 480 0 0 228 1 

Mowr y , Gr n h . , Ca r . , Eag l e , J ud . R i v . 3392 3672 368 1 4546 5872 5934 

Ca r l i l e a n d  N i o brara 2260 25 1 8  2525 2 530 3434 348 1 

Bas i n  Tota l 5473 1 77727 80322 7 3989 95358 9934 1 
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TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  0 .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD )  ( S ECT I ONS ) ( % ) ( FT . ) 

0 .3 258 1 0 .6 5 

0 . 1 356 9 . 0 6 

0 . 03 307 7 . 4 8 

0 . 0 1  1 84 6 . 0  1 0  

0 . 003 1 1 7 5 . 7 1 4  

0 . 00 1  6 5 . 0 20 

1 228 

TABLE 1 0- 7  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUBBAS I N : 

DEPTH ( FT . ) :  3000 
PRESSURE ( PS I A ) : 1 000 
TEMPERATURE ( ° F ) : 1 08 FORMAT I ON :  Mowry 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

3 1 1 . 92 257  0 .30 0 . 1 0  0 . 90 

468 . 00 36 1 0 . 40  o .  1 0  0 . 90 

442 . 4 5  32 1 0 . 50 0 .  1 5  0 . 90 

268 . 7 7  1 95 0 . 40 0 .  1 5  0 . 90 

227 . 29 1 1 5 0 . 30 0 .  1 0  0 . 90 

1 4 . 6 1  9 0 . 30 o . 1 0  0 . 90 

1 733 . 1 298 



TABLE  1 0-8  

W E L L  P R OD U C T I ON S U M M A R Y-- B A S E  C A S E 

N G P - W I L L I S T O N ,  M O W R Y  

G A S  P R O D U C T I O N  ( M M C F / Y f A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  
Y E A R  

1 4 8  3 6 2 5  1 8 1 3  1 0  

2 3 5  2 4  1 6  1 0  7 5 
I-' 
0 
I 

w 5 2 7  1 7 1 0  6 4 3 
N 

1 0  2 1  1 4 8 5 3 2 

1 5  1 8  1 2 7 4 2 1 

2 0  1 5  1 1  6 3 2 1 

3 0  1 1  9 5 3 2 1 

3 0- Y t A R 
C U � M . 
P R O D . 6 1 1  4 2 0  2 5 9 1 5 8 1 0 7  7 6  

( M !'I C F ) 



TABL E  1 0.:.9  

W E L L P R OD U C T I ON S U M M A R Y--AD V A N C E D  C A S E  

N G P -W I L L I S TO N ,  M O W R Y  

G A S  P RO D U C T I O N  C M M C F / Y E A R / WE L L )  

K • 0 . 3  0 . 1 0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( MD )  
Y E A R  

1 6 8  5 5  5 3  4 3  4 1  3 4  

� 
2 5 0  3 8  39  2 8  2 5  2 0  

0 
I 

w 
w 5 3 8  2 7  2 7  1 9  1 5  1 2  

1 0 3 0  2 1  2 1  1 4  1 1  8 

1 5  2 6  1 8  1 8  1 2  9 7 

2 0  2 3  1 6  1 6  1 0  8 6 

3 0  1 8  1 3  1 3  9 6 5 

3 0 -Y � A R 
C U M f"! . 
P R OD . 8 7 9  6 3 2 6 3 1  4 4 1  3 5 3  2 7 3  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
(MD )  ALL GAS I MAX=4 1 

I-' 
0 . 3  1 . 6 1 . 6  
I 

w 
""' 

• 1 2 . 4 2 . 4 

. 03 4 . 0  4 

. 0 1  6 . 7  4 

. 003 1 2 . 3  4 

. 00 1  2 0 . 0  4 

TABLE 1 0- 1 0  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N :  Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N : 
FORMAT I ON :  Mowry 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WEL LS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS I MAX= I 2 1  

257  1 • 1 1 • 1 

3 6 1  1 . 6  1 . 6 

32 1 1 .  7 1 .  7 

1 1 6 2 . 4 2 . 4 

37 3 . 7  3 . 7  

2 5 . 6  5 . 6 

1 094 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

< BC F ) 

257  

3 6 1  

32 1 

1 95 

1 1 5 

9 --

1 298 
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TABLE l J- 1 1 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Northern Great P l a i n s-W i I I i ston 
SUB-BAS I N : 
FORMAT I ON :  Mowry 

Ad va nced Ca se ! 2000/4000 Ft . Fracture ] 

Sur face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

7 5 , 000 

95 , 000 

84 , 000 
1 06 , 000 - 27 5 , 000  

1 03 , 000 

7 , 200 

. 05 1 8  



TABL E  1 0 - 1 2 
ECONOM ICS  SUMMAKY 

BAS I N  �Qrtb!lm GC!:H �la ios - W i  I I  i s  ton TECHNOLOGY Base Case 
SUS BAS I N  1 FORMAT I ON Howr DATE J une 1::!80 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . DCF RATE MAX NO .  W I LDCAT 

GAS PR ICE  PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VMCF __ %_ NO . VALUE * _w_ ..!f£_ 'M % AT PR I C E,.8CF G I P  BCF AT P R I C E  '& DRY PROD . DRY PROD . TOTAL 

D i scoun t Ra t e  1 rr1o 0 0 0 0 0 0 l20 1 I I I I . 50 0 0 0 630 0 -382 0 . 0  0 0 0 
2 1  2 . 50 6 . 7  1 A 1 349 1 .  373 -325  2 . 90 - - - 3 . 4  
3 1  3 . 1 0  1 7 . I 2 AB 2925 3 . 429 -248 7 . 20 - - - 8 . 8 
4 1  3 . 50 1 7 . 1 2 AB 2925 3 . 429 -790 9 . 1 0  - - - 8 . 8  
5 1  5 . 00 29 . 8  3 ABC 6 1 1 7  5 . 990 536 1 3 . 1 937 937 1 57 1 5 . 3  259 47 656 2624 3586 
6 1  7 . 00 3 5 . 5  4 ABCD 7605 6 . 943 1 94 1  1 9 . 5  1 054  1 1 32 1 5 1 1 8 . 2  240 53 80 1 320 1 4296 
7 1  9 . 00 35 . 5  4 ABCD 7605 6 . 943 3627  2 7 . 9 " " " 1 8 . 2 " " " " " 
8 1  1 2 . 00 38 . 6  5 ABC DE  8245 7 . 2 1 7  6 1 73 38 . 8 I I  05 1 290 1 53 1 9 . 8  2 38 59 886 3543 4727 

1-' D i scoun t Ra te l:!fo 
0 1 2  1 .  50 0 0 0 630 - -39 1  - 0 0 0 0 0 0 0 0 0 

I 22 2 . 50 6 . 7 1 A 1 349 I .  373 -4 1 2  - 0 0 0 3 . 4  0 0 0 0 0 
w 32  3 .  10  6 . 7  I A 1 349 1 .  373 -343 - " " " 3 . 4  0'\ 42 3 . 50 1 7 . I 2 AB 2925 3 . 429 -3 76 - " " " 8 . 8  

52 5 . 00 1 7 .  I 2 AB 2925 3 . 429 52 1 5 . 7 6 1 4  6 1 4  1 78 8 . 8  3 1 7  30 3 1 0  1 24 3  1 901  
6 2  7 . 00 29 . 8  3 ABC 6 1 1 7  5 . 990 804 2 1 . 8 937 937  1 57 1 5 . 3  259 47 656 2624 3586 
72 9 . 00 3 5 . 5 4 ABCD 7605 6 . 943 1 778 2 7 . 9  1 054 1 1 32 1 5 1  1 8 . 2  240 53 801  3201  4296 
82 1 2 . 0D 3 8 . 6  5 ABC DE 8245 7 . 2 1 7  3463 38 . 8  I I  05 1 290 1 5 3  1 9 . 8  2 38 59 886 3543 4727 

D i scount  Ra te 20% 
1 3  1 .  50 - - - 630 - -399 0 . 0  0 0 0 0 0 0 0 0 0 
23  2 . 50 - - - 630 - -399 0 . 0 " " " 0 
33  3 .  10  6 . 7  I A 1 349 I .  3 73 -407 5 . 4 " " " 3 . 4  
43 3 . 50 6 . 7  1 A 1 3 49 I .  373 -374 6 . 9  " " " 3 . 4  
53 5 . 00 1 7 .  1 2 AB 2925 3 . 429 -2 1 2  1 5 . 7 " " " 8 . 8  
63  7 . 00 29 . 8 3 ABC 6 1 1 7  5 . 990 1 6 1  2 1 . 8  937 937 1 57 1 5 . 3  259 47 656 2624 3586 
73 9 . 00 29 . 8 3 ABC 6 1 1 7  5 . 990 90 1 3 0 . 5  " " " 1 5 . 3  " " " " " 
83 1 2 . 00 35 . 5  4 ABCD 7605 6 . 943 2049 40 . 5  1 054 1 1 32 1 5 1 1 8 . 2  240 53  80 1  320 1  4296 

* CODE : A B C D E F 
0 . 3 0 I 0 03 0 0 1  0 . 003 0 . 00 1  



TABL E  1 0- 1 3 
ECONOM I CS SUMMARY 

BAS I N  Northern G reat P l a i ns-Wi l l i s ton TECHNOLOGY Ad!llaoc:.ed Cass;: 
SUB BAS I N  1 FORMAT I ON M DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP.  SUCCESS W I LDCAT DEVE LOPMENT 
CAS E NO . VMCF _y,__ NO.  VALUE * _it:!__ _lli_ �M % AT PR I C E  BCF G I P  BCF AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

D i scoun t  Rate 1 �1. 
1 20 1 2 1 1  I .  50 6 . 7 I A 1 382 I .  373 -523 0 3 . 4  

2 1  2 . 50 1 7 .  I 2 AB 2 5 1 1 3 . 428 -286 6 . 5  - 8 . 8  
3 1  3 . 1 0  1 7 .  I 2 AB 2 5 1 1 3 . 428 - 30 9 . 6  8 . 8  
4 1  3 . 50 29 . 8  3 ABC 4 745 5 . 990 2 1 6  1 1 . 5 937  937 1 57 1 5 . 3  259 47 338 1 349 1 993 
5 1  5 . 00 3 5 . 5  4 ABCD 6288 7 . 2 1 3  1 403  1 7 . 9  I I  32 I I  32 1 57 1 8 . 2  2 5 1  5 5  444 1 776 2526 
6 1  7 . 00 38 . 6  5 ABC DE 7324 7. 8 7 1  3345 26 . 9  1 28 7  1 287 1 64 1 9 . 8  255 64 535 2 1 46 3000 
7 1  9 . 00 38 . 7  6 ABCDEF 7333 7 . 875 5327 36 . 9  1 298 1 298 1 66 1 9 . 9  259 64 544 2 1 75 3042 
8 1  1 2 . 00 38 . 7  6 ABCDEF 7333  7 . 875 8299 5 1 . I " " " 1 9 . 9  " " " " 

...... D i scoun t Rate 1 �1. 
0 1 2  I .  50 0 0 841  -507 0 - - 0 
I 22 2 . 50 1 7 .  I 2 AB 25 1 1  3 . 428 -499 6 . 5  - - 8 . 8  

w 32 3 . 1 0  1 7 .  I 2 AB 25 1 1  3 . 428 - 326 9 . 6  - 8 . 8 " 42 3 . 50 1 7 .  I 2 AB 2 5 1 1 3 . 428 -2 1 0  I I .  6 - 8 . 8 
52 5 . 00 29 . 8  3 ABC 4745 5 . 990 425 1 9 . 2  937 937 1 57 1 5 .  3 259 47 338 1 349 1 993 
62 7 . 00 35 . 5  4 ABCD 6288 7 . 2 1 3  1 587 2 8 . 0  1 1 32 1 1 32 1 57 1 8 . 2  2 5 1  5 5  444 1 776 2526 
72 9 . 00 38 . 7  6 ABCDEF 7333 7 . 875 2963 36 . 9  1 298 1 298 1 66 1 9 . 9 259 64 544 2 1 75 3042 
82 1 2 . 00 38 . 7  6 ABCOEF 7333 7 . 875 4991 5 1 . I " " " 1 9 . 9  " " " " " 

D i scoun t Rate 20% 
1 3  I .  50 0 0 84 1 - 5 1 3  0 - - 0 
23 2 . 50 6 . 7  I A 1 382 I . 3 73 -506 3 .  I - 3 . 4  
33  3 . 10  1 7 .  I 2 AB 25 1 1  3 . 428 -477 9 . 6  - - 8 . 8 
43 3 . 50 1 7 .  I 2 AB 25 1 1  3 . 428 - 393 I I  .6 8 . 8 
53  5 . 00 1 7 .  I 2 AB 25 1 1  3 . 428 -78 1 8 . 4  - - 8 . 8 
63  7 . 00 1 7 .  I 2 AB 2 5 1 1 3 . 428 687 29 . I 6 1 4  6 1 4  1 78 8 . 8 295 53 382 1 532 226o 
73 9 . 00 38 . 6  5 ABCOE 7324 7 .  87 1  1 674 36 . 9  1 28 7  1 287 1 64 1 9 . 8  255 64 535 2 1 46 3000 
83 1 2 . 00 38 . 7  6 ABCDEF 7333  7 . 8  3 1 57 5 1 . 1  1 298 1 298 1 66 1 9 . 9 259 64 544 2 1 75 3042 

* COD E :  A U C 0 E F 0 . 3 0 . I 0 03 0 0 1  0 003 0 . 001  
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TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
( lv1D ) ( SECT I ONS ) < % ) < FT . ) 

0 .3 258 1 0 .4 1 2  

0 .  1 258 9 . 0 1 4  

0 . 03 2 58 7 . 4 1 8  

0 . 0 1  1 54 6 . 0  22 

0 . 003 98 5 . 5  29 

0 . 00 1 5 5 . 0 35  

1 03 1  

TABLE 1 0- 1 4 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i n s-W i I I i ston DEPTH ( FT . ) :  27 50 
PRESSURE ( PS I A ) : 1 1 8 5  
TEMPERATURE ( ° F ) : 1 05 

SUBBAS I N : 2 
FORMAT I ON :  Mowry ,  Greenhorn 

EST I MATED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

720 553 

727 557 

768 5 56 

454 329 

3 1 8  2 1 5  

20 1 2  

3007 222 1 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C --

0 . 35 0 .  1 5  0 . 90 

0 . 3 5  0 . 1 5  0 . 90 

0 . 35 o .  1 5  0 . 90 

0 . 3 5  0 . 20  0 . 90 

0 . 35 0 .40 0 . 90 

0 . 3 5  0 . 50 0 . 90 



TAB L E  1 0- 1 5 

W E L L  P R OD U C T I ON S U M M A R Y - - B A S E  C A S E 

N G P - W I L L I S T QN , M O W R Y  + G R E E N H O R N 

G A S  P R O D U C T I O N  ( M M C F / Y E AR / W E L L )  

K • 0 . 3  o . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MD )  
Y F A R  

1 1 5 6  1 1 4 7 8  5 3  3 7 2 4  

,_. 2 1 1 7  7 8  4 9  3 0  2 0  1 3  
0 
I 

w 
1.0 

5 90 5 5  3 2  2 0 1 2  7 

1 0  7 1  4 5  2 5  1 4  8 5 

1 5 5 8  3 9  2 2  1 2  7 4 

2 0  49 3 5  2 C  1 1  7 4 

3 0 3 7  2 9  1 8  1 0  5 3 

3 0- Y E A R 
C U M M . 
P R O D . 1 9 4 8  1 3 2 5  7 8 9  4 6 7 2 9 2  1 7 9 

( M M C F )  



TABLE  1 0- 1 6  

WE L L  P R O D U C T I ON S U M M A R Y--A D V A N C E D  C A S E  

N G P - W I L L I S TQN , M O W R Y  + G R E E N HOR N 

G A S  P R O D UC T I O N  ( HHC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C HD J  
Y E A R  

1 2 2 2  1 7 6 1 64 1 2 9 1 1 2 8 1  

2 1 6 5  1 2 1  1 1 9  8 6  6 9 4 8  ...... 
0 

I 
� 
0 5 1 2 3 8 5  8 4  5 6  4 3  2 8  

1 0  9 9  6 6  6 4  4 3  3 0  2 0  

1 5  8 4  5 7 5 5  3 6  2 6  1 6  

2 0  7 5 5 1  4 9  3 2  2 3  1 4  

3 0  60  4 3  4 1  2 7 1 8  1 2  

3 0 - Y E A R 
C U M M . 
P R O D . 2 8 2 5  1 9 8 7  1 9 12 1 3 0 4  9 6 6  6 4 0 

( M M C F ) 



TABLE 1 0 - 1 7 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N : 2 
FORMAT I ON :  Mowry + Greenhorn 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
CMD )  ALL GAS [ MAX=4 l ( BCF ) ALL GAS [ MAX= 1 2 l  < BCF ) 

I-' 
0 
I . 3  1 . 085 1 . 085  553  . 748 . 748 5 53 

� 
I-' 

• 1 1 . 634 1 . 634 557 1 . 089 1 . 089 5 5 7  

. 03 2. 726 2. 726 556 1 .  1 26 1 .  1 26 5 56 

. o  1 4 . 56 1  4 288 1 . 636 1 . 636 329  

. 003 7 . 502 4 1 1 5 2 . 273 2 . 273 2 1 5  

. 00 1  1 3 . 7 55 4 3 3 . 869 3 . 869 1 2  

2072 222 1 
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TABLE 1 0- 1 8  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Northern Great P I  a i n s-W i I I i ston 
SUB-BAS I N :  2 
FORMAT I ON :  Mowry + Greenhorn 

Geo l ogy a nd Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ) 
Advan ced Case ! 2000/4000 Ft . Fracture ) 

Surface Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expe n se ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

7 5 , 000 

86 , 000 

84 , 000 
1 06 , 000 - 27 5 , 000 

1 03 , 000 

7 , 200 

. 0 5 1 8  



TABLE  1 0- 1 9  

ECONOM I CS SUMMARY 
BAS I N  Northern G rea t P l a i ns - W i l l i s ton fECHNOLOGY Base Case 

SUB BAS I N  2 FORMAT I ON M�r¥ acd Greecbgro DAT E June 1!;!80 

AVERAGE PER PROS PECT BAS I N  TOTA LS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . DCF RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 
CAS E NO.  VMCF __ %_ NO . VALUE * __lli__ ....!!£f.._ �M % AT PR I CE 8CF G I P  BCF AT PR I CE % DRY PROD , DRY PROD . IQ!& 
D i scoun t Ra te  l �k 
1 2021 1 1  I .  50 24. 5  3 ABC 1 972 s . 1 8 1  - 1 09 8 . 3  - - - 1 2 . 7  

2 1  2 . 50 30.4  4 ABCD 2743 6 . 528 524 1 5 . 9  1 957 1 998 300 1 5 . 8  487 9 1  497 1 990 3066 3 1  3 .  1 0  3D . 4  4 ABCD 2743 6 . 528 1 006 2 1 . 1  " " " 1 5 . 8 " " " " " 
4 1  3 . 50 33 . 2  5 ABC DE  2985 6 . 827 1 3 1 1  2 3 . 5  202 1  22 1 4  296 1 7 . 2  473  99 547 2 1 85 3301  
51  5 . 00 3 3 . 2 5 ABC DE 2985 6 . 82 7  2564 35 . I " " " 1 7 . 2  " " " " " 
6 1  7 . 00 3 3 . 5  6 ABCDEF 2992 6 . 833  4236 48 . 6  2022 2 2 2 1  " 1 7 . 3  4 7 1  " 548 2 1 9 1  3 3 1 0  
7 1  9 . 00 33 . 5  6 ABCDEF 2992 6 . 833  5908 60 . 2 " " " 1 7 . 3  
8 1  1 2 . 00 3 3 . 5  6 ABCDEF 2992 6 . 833  8416 74. 9  " " " 1 7 . 3 

...... D i scoun t Rate  l �k 
8 .  3 0 1 2  I .  50 1 6 . 0  2 AB 1 288 3 . 406 -245 8 . 2  

I 22 2 . 50 24. 5 3 ABC 1 97 2  s .  1 8 1  1 28 1 7 . 5 1 667 1 667 323  1 2 . 7  544 so 341 1 360 2324 
� 3 2  3 .  1 0  3 0 . 4  4 ABCD 2743 6 . 528 388 2 1 . 1  1 957 1 998 3DO 1 5 . 8  487 91 497 1 990 3066 
w 42 3 . 50 30 . 4 4 ABCD 2743 6 . 528 608 24. 4  " " " 1 5 . 8  " " " " " 

52 5 . 00 33 . 2  5 ABC DE 2985 6 . 827 1 434 3 5 .  I 202 1  2 2 1 4  296 1 7 . 2  473  99 547 2 1 85 3301  
6 2  7 . 00 33 . 5  6 ABCDEF 2992 6 . 83 3  2574 48 . 6  2022 2 2 2 1  " 1 7 . 3  4 7 1  " 548 2 1 9 1  3 3 1 0  
72 9 . 00 3 3 . 5  6 ABCDEF 2992 6 . 833  3 7 1 6  60. 2 " " " 1 7 . 3  " " " " 

82 1 2 . 00 33 . 5  6 ABCDEF 2992 6 . 833  5428 74. 9  " " " 1 7 . 3 

D i scount  Ra te 2�k 
8 . 3  1 3  I .  50 1 6 . 0 1 A 1 288 3 . 406 -332 8 . 2 - -

23 2 . 50 24 . 5 3 ABC 1 972 5 .  1 8 1  -96 1 7 . 5  - 1 2 . 7  
33  3 .  1 0  24 . 5 3 ABC 1972 s .  1 8 1  98 22 . 4 1 667 1 667 323 1 2 . 7  544 so 14 1  1 360 2324 
43 3 . 50 3D . 4 4 ABCD 2743 6 . 528 2 1 4  24. 4  1 95 7  1 998 300 1 5 . 8  487 91 497 1 990 3066 
53 5 . 00 33 . 2 5 ABC DE  2985 6 . 827 807 35.  I 202 1 2 2 1 4  296 1 7 . 2  473  99 547 2 1 85 3301  
63  7 . 00 3 3 . 2 5 ABC DE 2985 6 . 82 7  1 643 48 . 6  " " " 1 7 . 2  " " " " " 
73 9 . 00 3 3 . 5 6 ABCDEF 2992 6 . 83 3  2479 60 . 2  2022 2 2 2 1  " 1 7 . 3 4 7 1  " 548 2 1 9 1 3 3 1 0  
8 3  1 2 . 00 3 3 . 5 6 ABCDEF 2992 6 . 83 3  3 734 74 . 9  " " " 1 7 . 3  

* CODE : A B C 0 E F 
0 . 3 0 . I 0 03 0 . 0 1  0 . 003 O . DO I  
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BAS I N  Moctb�ro �r�at �laio�-WiJI i5tco 
SUB BAS I N  2 

PROF IT . K -LEVELS 
GAS PR I CE PROS P .  O N  STREAM 

CASE NO . �/MCF __ %_ NO . VALUE '' 

D i scoun t Rate  � �� 
120221 1 I .  50 24 . 5  3 ABC 

2 1  2 . 50 3 3 . 2  5 ABC DE 
3 1  3 . 1 0  33 . 5  6 ABCOEF 
41 3 . 50 33 . 5  6 ABCDEF 
5 1  5 . 00 33 . 5 6 ABCDEF 
6 1  7 . 00 33 . 5  6 ABCDEF 
7 1  9 . 00 3 3 . 5  6 ABCOEF 
8 1  1 2 . 00 33 . 5  6 ABCDEF 

D i scoun t Rate l�k 
1 2  I . 50 24 . 5  3 ABC 
22 2 . 50 30 . 4  4 ABCD 
32 3 . 1 0  3 3 . 2  5 ABC DE 
42 3 . 50 33 . 2  5 ABC DE 
5 2  5 . 00 33 . 5  6 ABCDEF 
62 7 . 00 3 3 . 5  6 ABCDEF 
72 9 . 00 33 . 5  6 ABCDEF 
8 2  1 2 . 00 33 . 5  6 ABCDEF 

D i scount  Ra te 2�� 
1 3  I .  50 1 6 . 0  2 AB 
23 2 . 50 30 . 4  4 ABCD 
33 3 .  1 0  3 3 . 2  5 ABC DE 
43 3 . 50 33 . 2  5 ABC DE 
53 5 . 00 33 . 5  6 ABCDEF 
63 7 . 00 33 . 5  6 ABCDEF 
73 9 . 00 33 . 5  6 ABCDEF 
83 1 2 . 00 33 . 5  6 ABCDEF 

·,> COD E :  A 
0 . 

B C D E F 
0 . I 0 . 03 0 . 0 1  0 003 0 . 00 1  

TAB LE  1 0-20  

ECONOM I C S  SUMMARY 

FORMAT I ON MQk:i['i. G[ti:f:DbQCD 

AVERAGE PER PROSPECT BAS I N  TOTALS 
E & p GAS NET PRES . DCF RATE 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 

J.tL_ ....!!f£_ �M % AT PR I C E  BCF  G I P  BCF 

1 792 5 . 1 8 1  1 2  1 0 . 1  1 66 7  1 667 
2567 6 . 962 888 1 9 . 9  22 1 4  2 2 1 4  
2579 6 . 977 1 426 2 5 . 4 2 2 2 1  222 1  
2579 6 . 977 1 784 2 8 . 9  " " 

2579 6 . 977 3 1 28 40 . 8 " " 

2579 6 . 977 4920 54 . 4 " " 

2579 6 . 977 6 7 1 1 66 . 1 " " 

2579 6 .  977 9399 80 . 9 " " 

1 792 5 . 1 8 1  -233  1 0 . 1  
2334 6 . 528 303 20 . 0  1 998 1 998 
2567 6 . 962 68 1 25 . 4  2 2 1 4  2 2 1 4  
2567 6 . 962 927 28 . 9 " " 
2579 6 . 97 7  1 852 40 . 8 222 1 2 2 2 1  
2579 6 . 977 3085 54 . 4 " " 
2579 6 . 977 4 3 1 7  66 . 1 " " 
2579 6 . 977 6 1 66 80 . 9 " " 

1 3 1 2  3 . 406 -367 8 . I -
2334 6 . 528 I 20 . 0 1 998 1 998 
2567 6 . 962 269 25 . 4 2 2 1 4  2 2 1 4  
2567 6 . 962 450 2 8 . 9  " " 
2579 6 . 977 I I  31  40 . 8 2 2 2 1  2 2 2 1  
2579 6 . 97 7  2039 54 . 4  " " 

2579 6 . 977 2947 66 .  I " " 

2579 6 .  977 4 3 1 0  80 . 9  " " 

fECHNOLOGY Advanced Case 

DATE Jum: 1 980 
W E L LS 

MAX N O .  W I LDCAT 
PROSP .  SUCCESS  W I LDCAT DEVELOPMENT 

AT PR I CE % DRY PROD . DRY PROD . TOTAL 

323 1 2 . 7  544 80 1 78 7 1 2  1 5 1 4  
3 1 7 1 7 . 2  507 1 06 284 1 1 38 2035 
3 1 9  1 7 . 4  " 1 07 287 1 1 5 1  2052 

" 1 7 . 4  " " " . , " 
" 

1 7 . 4  " 
1 7 . 4  " 
1 7 . 4  " 
1 7 . 4 

1 2 . 7  
306 1 5 . 7  497 93 242 971} 1 802 
3 1 7  1 7 . 2  507 1 06 284 1 1 3!1 2035 

" 1 7 . 2  " " " , ,  " 
3 1 9  1 7 . 4  " 1 07 287 1 1 5 1  2052 

" 1 7 . 4  " " " " " 
" 1 7 . 4  
" 1 7 . 4  

8 . 3  
306 1 5 . 7  497 93  242 9711 1 802 
3 1 7  1 7 . 2  507 1 06 284 1 1 38 2035 

" 1 7 . 2  " " " " 
3 1 9  1 7 . 4  " 1 07 287 1 1 5 1  2052 

" 1 7 . 4  
" 1 7 . 4  " 1 7 . 4  " " " " " 



TABLE  1 0-23  

W E L L P R O D U C T I ON S U M M A R Y --A D V A NC E D  C A S E  

N G P-W I L L I S TO N ,  M O W R Y  + C AR L I L E 

G A S P R O D U C T I O N  C M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 2 6 8 2 4 3 2 0 6  1 6 7  1 3 2  1 0 4  

...... 
0 2 1 9 9  1 6 8  1 49 1 1 0  8 2  6 1  I .b -...! 

5 1 4 9  1 1 8 1 0 5 7 2  5 1  3 6  

1 0  1 1 9 9 2  6 0  5 5  3 6  2 6  

1 5  1 0 2  7 9  7 0  4 8  3 0  2 1  

2 0  9 1  7 2 6 2  4 1  2 7  1 8  

3 0  7 4  60  5 3  3 5  2 2  1 5  

3 0-Y E A R  
C U I'\ � . 
P R OD . 3 4 4 1  2 7 6 3  2 4 1 4  1 6 8 8  1 1 4 3  8 2 3  

( M M C F ) 
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TABLE l 0-24 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Nort hern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  3 
FORMAT I ON :  Mowry + Car I i I e 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= I 2 1  ( BCF ) 

1-' 
0 

I 
*'" 
00 

. 3  1 .  1 79 1 .  1 79 394 . 8 1 8 . 8 1 8  394 

• 1 1 .  7 62 1 .  7 62 870 1 .  1 75 1 . 1 75 870 

. 03 2 . 946 2 . 946 923 1 . 2 1 4  1 . 2 1 4  923 

. o  1 4 . 9 1 8  4 570 1 . 760 1 . 760 70 1 

. 003 8 . 854 4 27 1 2 . 680 2 . 680 600 

. 00 1 1 4 . 67 1  4 9 4 . 1 36 4 . 1 36 34 

3037 3522 
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TABLE 1 0-25  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  and Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i  I )  

Base Ca se [ 1 000 Ft . Fractu re ] 

BAS I N : Northern Great  P l a i ns-W i I I i ston 
SUB-BAS I N :  3 
FORMAT I ON :  Mowry + Ca r l i l e 

Ad van ced Ca se [ 2000/4000 Ft . Fracture ] 

Surface Eq u i pment ( $/We I I )  

Annua l Operat i ng Expense ( $/We i I )  

Compres so r  Fue l Cos t ,  Rat i o  of  Cost to 

W . l .  Gas Reven ue  

7 5 , 000 

74 , 27 8  

84 , 000 - 9 1 , 000 
1 06 , 000 - 3 1 6 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



TABLE  10-26 

ECONOM I CS �UM11ARY 
BAS I N  Nor thern Grea t P l a i ns - W i l l i s ton TECHNOLOGY Base Case 

SUB BAS IN 3 FORMAT I ON Mowry and Ca r l i l e DATE .l11oe 1980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & P GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NV EST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
CAS E NO . VMCF __ %_ NO . VALUE * ...i!L_ � �M % AT PR I C E  8CF  G I P  BCF AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

D i scoun t Ra te  1 0% 
1 203 1 1 1  I .  50 2 5 . 0  3 ABC 1 730 5 . 549 66 1 1 . 0 2 1 86 2 1 86 394 1 3 .  I 650 99 357 1 429 2535 

2 1  2 . 50 32 . 8  4 ABCD 2503 7 . 525 873 20 . 0  2755 2886 366 1 7 . 3  575 1 1 9 565 2257 35 1 6  
3 1  3 . 1 0  39 . l 5 ABC DE  3041  8 . 345 1 396 24 . 3  3026 3487 3 6 1  20 . 6 546 1 42 7 1 7  2867 427 1  
4 1  3 . 50 39 . I 5 ABC DE  3041  8 . 345 1 790 28 . 0  " " " 2 0 . 6  " " " " " 
5 1  5 . 00 39 . 5  6 ABCOEF 3053 8 . 358 326 7  40 . 9 3037 3522 363 20 . 8  " 1 4 3  724 2894 4 306 
6 1  7 . 00 3 9 . 5  6 ABCDEF 3053 8 . 358 5238 55 . 6  " " " 20 . 8 " " " " " 
7 1  9 . 00 3 9 . 5  6 ABCDEF 3053 8 . 358 7209 68 . 0  " " " 20 . 8 
8 1  1 2 . 00 3 9 . 5 6 ABCOEF 3053 8 . 358 1 0 166 83 . 6  " " " 2 0 . 8  

I-' 
0 D i scount  Rate l�k 
I 1 2  l .  50 25 . 0  3 ABC 1 730 5 . 549 - 1 76 I I .  0 0 0 0 1 3 .  l 0 0 0 0 U1 0 

0 22 2 . 50 3 2 . 8  4 ABCO 2503 7 . 525 3 1 5  20 . 2  2 755 2886 366 1 7 . 3  575 1 1 9  565 2257 35 1 6  3 2  3 .  1 0  3 2 . 8 4 ABCD 2503 7 . 525 682 26 . I " " " 1 7 . 3 " " " " " 
42 3 . 50 39 . I 5 ABC D E  3041 8 . 345 90 1 28 . 0 3026 3487 361  20 . 6  546 1 42 7 1 7  2867 . 4271  52 5 . 00 39 . 5  6 ABCDEF 3053 8 . 358 1 907 40 . 9 3037 3522 363 20 . 8 " 1 43 724 2894 4 306 62 7 . 00 39 . 5 6 ABCDEF 3053 8 . 358 J.25 1 55 . 6 " " " 20 . 8 
72 9 . 00 39 . 5 6 ABCDEF 3053 8 . 358 4594 68 . 0  " " " 20.8  
82  1 2 . 00 39 . 5 6 ABCDEF 3053 8. 358 66 1 0  83 . 6 " " " 2 0 . 8  

D i scount  Ra te 2�k 
1 3 . I 1 3  l .  50 25 . 0 3 ABC 1 730 5 . 549 -306 I I . 0 0 0 0 0 0 0 0 0 

23 2 . 50 3 2 . 8 4 ABCD 2503 7 . 525 1 3  20 . 2 2755 2886 36� 1 7 . 3 575 1 1 9  565 2257 3 5 1 6  
33  3 .  1 0  32 . 8  4 ABCD 2503 7 . 525 282 26 . I 

" " 1 7 . 3  " 
43 3 . 50 3 2 . 8 4 ABCD 2503 7. 525 46 1 29 . 7  " " " 1 7 . 3  

20 . 6  53  5 . 00 3 9 . I 5 ABC D E  304 1  8 . 345 1 1 53  4 1 . 0  3026 3487 36 1 20 . 8  546 1 42 7 1 7 2867 427 1  63  7 . 00 3 9 . 5 6 ABCDEF 3053 8 . 358 2 1 38 55 . 6  3037 3522 363 20 . 8  
" 1 4 3  724 2894 4306 73 9 . 00 3 9 . 5 6 ABCDEF 3053 8 . 358 3 1 23 68 . 0  " " " 

83 1 2 . 00 3 9. 5 6 ABCDEF 3053 8 . 358 460 1  8 3 . 6  . .  20 . 8  

* COD E :  A B C D E F 
0 . 3 0 . 1 0 . 03  0 . 0 1  0 003 0 . 00 1  
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BAS I N  NQrthero G r�at  P]aio�-�illi�tQD 

SUB BAS I N  3 

GAS PR I C E  
CAS E NO .  VMCF  

D i scoun t Rate 1 �1. 
1 20321 1 1 .  50 

2 1  2 .  50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Ra te 1 �1. 
1 2  I . 50 
22 2 . 50 
32 3 .  1 0  
42 3 . 50 
52 s . oo 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scou n t  Rate 2�1. 
1 3 
23 
33  
43 
53 
6 3  
73 
83 

1, COD E :  A 
0 . 

1 . so 

2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  

PROF I T . K -L EVE LS 
PROSP . ON STREAM 

_____'&____ NO . VALUE * 

3 2 . 8  4 ABCD 
39 . 5  6 ABCDEF  
39 . 5 6 ABC DEF  
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 

32 . 8  4 ABCD 
39 . 1  5 ABC DE 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 

25 . 0  3 ABC 
39. I 5 ABC DE 
39 . I 5 ABC DE 
39 . I 5 ABC DE  
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 
39 . 5  6 ABCDEF 

C D E F 
0 03 0 . 0 1  0 . 003 0 . 001  

TABLE l 0- 27  

ECONOM I C S  SUMMARY 

FORMAT I ON Mowr�. �aclil!: 
AVERAGE PER PROSPECT BAS I N  TOTALS 

E & P GAS NET PRES . DCF  RATE 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 

_w__ ....!ill:.... �M % AT PR I C E  BCF G I P  BCF 

2262 7 . 524 229 1 2 . 8 2886 2886 
2931  8 . 982 1 362 23 . 7 3522 3522 
2931  8 . 982 2053 30 . 0 . .  . .  
2931  8 . 982 25 1 3 34 . 0  . .  . .  
2931  8 . 982 4241  47 . 5 . .  . .  
2931  8 . 982 6544 62 . 7 . .  . .  
2931  8 . 982 8847 75 . 5 " . .  
2931  8 . 982 1 2302 9 1  . 8 . .  . .  

2262 7 . 524 - 1 23 1 2 . 8 0 0 
2905 8 . 943 6 1 2  23 . 7 3487 3487 
293 1  8 . 982 1 087 30 . 0 3522 3522 
293 1  8 . 982 1 404 34 . 0 . .  . .  
2 9 3 1  8 . 982 2593 47 . 5 . .  . .  
2931  8 . 982 4 1 79 62 . 7 . .  , ,  
2931  8 . 982 5765 75 . 5 . .  " 
2931  8 . 982 8 1 44 9 1 . 8  . .  . .  

1 662 5 . 548 -300 1 1 . 9 0 0 
2905 8 . 943 1 99 23 . 7  3487 3487 
2905 8 . 943 548 30 . I . .  . .  
2905 8 . 943 781 3 4 . 0  . .  . .  
2931  8 . 982 1 659 47 . 5 3522 3522 
2931  8 . 982 2829 62 . 7 . .  . .  
2931  8 . 982 3999 75 . 5  . .  . .  
2931  8 . 982 5754 9 1 . 8  . .  . .  

TECHNOLOGY Advanced Case 

DATE J une 1280 

WELLS 
MAX NO.  W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVE LOPMENT 

AT PR I C E  % DRY �· DRY PROD . � 

383 1 7 . 3  603 1 25 279 1 1 1 4 2 1 2 1  
392 20 . 8  59 1  1 55 406 1 6 1 8  2770 . .  20 . 8  . .  " . .  . .  . .  . .  20 . 8  . .  20 . 8  . .  20 . 8  . .  20 . 8 . .  20 . 8  

0 1 7 . 3 0 0 0 0 0 
389 20 . 6  588 1 52 398 1 590 2727 
392 20 . 8  591  1 55 406 1 6 1 8  2770 . .  2 0 . 8  . .  2 0 . 8  . .  20 . 8 . .  20 . 8  . .  20 . 8  

0 I 3 .  1 0 0 0 0 0 
389 20 . 6 588 1 52 398 1 590 2727 . .  20 . 6  . .  20 . 6 
392 20 . 8 591  1 55 406 1 6 1 8  2770 . .  20 . 8 . .  . .  . .  . .  . .  . .  20 . 8  . .  2 0 . 8  
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TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL C BBL/MMCF ) :  O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
CMD )  ( SECT I ONS ) ( % ) ( FT . )  

1\..J 0 .3 4 1 6 1 0 . 4  25  

o.  1 572 9 . 0  3 1  

0 . 03 7 28 7 . 4 42 

0 . 0 1  494 6 . 0  48 

0 . 003 372 5 . 5  59 

0 . 0 0 1  1 8  5 . 0 70 

2600 

TABLE l 0-28 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUBBAS I N : 4 
FORMAT I ON :  Mowry , Green horn , Car l i l e 

DEPTH ( FT .  ) : 2280 
PRESSURE CPS I A ) : 980 
TEMPERATURE ( ° F ) : 98  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

1 999 . 2  1 538 0 . 40 0 .  1 0  0 . 90 

2949 . 8 2270 0 . 40 0 .  1 0  0 . 90 

4 1 82 . 2 1  3029 0 . 40 0 .  1 5  0 . 90 

2629 . 7 6  1 90 5  0 . 40 0 . 20 0 . 90 

223 1 . 29 1 5 1 5  0 . 40 0 . 25 0 . 90 

1 1 6 . 4 5  7 4  0 .40 0 .30 0 . 90 

1 4 1 09 .  1 033 1 



TABLE  1 0 -29 

w E L L P R OD U C T I ON S U H H A R Y-- B A S E  C AS E  

N G P -� I L L I S T O N ,  M O� R Y  + G R E E N HO R N  + C AR L I L E  

G A S  P R O D UC T I O N  ( H H C F / Y E A R / W E L L )  

0 . 0 0 1  K • 0 . 3  0 . 1  o . o 3 o . o 1  0 . 0 0 3  0 . 0 0 0 3  
Y E A R  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( HD )  

1 2 4 1  1 9 0  1 3 7  8 9  5 7  3 8  

...... 2 1 8 0  1 3 1  8 6  5 1  3 2 2 0 0 
I 

U1 
w 

5 1 3 9 9 2  5 7 3 4 1 9 1 2 

1 0 1 1 1  7 4  4 4  2 4  1 3  8 

1 5 9 3  6 !:>  3 9  2 1 1 2  7 

2 0 7 9  5 9  3 5  1 8  1 0  6 

3 0  6 0  5 0  3 1  1 6  9 5 

3 0 - Y E A R 
C U M M . 
P R O D .  3 1 0 2  2 2 1 5 1 3 8 7  7 7 2 4 5 5  2 7 5 

( M M C F )  



TABL E  1 0-30  

W E L L  P R OD U C T I ON S U M M A R Y--AD V A N C E D  C A S E  

N G P - � I L L I S T O N ,  M O� R Y  + G R E E N H O R N  + C A R L I L E  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o l 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C H D )  
Y E A R  

1 3 4 4  2 9 1  2 8 6  1 1 7  1 7 3 1 2 4t  

2 2 5 6 2 0 2  2 0 8 7 8 1 0 8 7 3  
I-' 
0 

I 
Ul 
� 5 1 9 2  1 4 2  1 4 6  5 1  6 6  4 4  

1 0  1 5 4  1 1 1  1 1 2 3 9  4 8  3 1  

1 5  1 3 4 9 6  9 7 3 3  4 0  2 5  

2 0  1 1 8  8 6  8 8  3 0  3 5  2 2  

3 0  9 6  7 4  7 4  2 5  2 9  1 8  

3 0 - Y E A R 
C U M M . P R �D . 4 4 5 4  3 3 2 2  3 3  7 0  2 1 5 9  1 5 0 3 9 8 1  

( M M F )  



TABLE 1 0- 3 1  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N :  Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  4 
FORMAT I ON :  Mowry + Ca r l i l e + Greenhorn 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF  RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 C BC F )  A L L  GAS [ MAX= I 2 1  C BC F )  

I-' 0 
. 3  1 .  1 92 1 .  1 92 1 538 . 830 . 830 1 538 I 

Ul 
Ul 

• 1 1 . 7 9 1  1 .  7 9 1 2270 1 .  1 94 1 .  1 94 2270 

. 03 2 . 998 2 . 998 3029 1 . 234 1 . 234 3029 

. 0 1  4 . 988 4 1 528 1 .  786 1 .  786 1 90 5  

. 003 8 . 9 52 4 677  2 . 7 1 0  2 . 7 1 0  1 5 1 5  

. 00 1  1 4 . 856 4 20 4 . 1 75 4 .  1 75 74 
--

9062 1 033 1 
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TABLE l 0 - 32 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a n d  Geop h ys i cs ( $/Pros pect ) 

D r i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Northern Great P I  a i n s-W i I I i ston 
SUB-BAS I N :  4 
FORMAT I ON :  Mowr y  + Ca r l i l e + Greenhorn 

Ad van c ed Ca se [ 2000/4000 Ft . Fracture ] 

S u rface Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Reven ue  

7 5 , 000 

7 1 , 000 

84 , 000 - 1 25 , 000 
1 06 , 000 - 463 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  
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BAS I N  Northern G rea t P l a i ns - W i  I I  i s  ton 

SUB BAS I N  4 

GAS PR I C E  
CAS E NO . VMCF  

D i scount Rate  l ifk 
1 2041 I I  I .  50 

2 1  2 . 50 
3 1  3 . 1 0  
41 3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Rate l �k 
1 2  I .  so 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
5 2  5 . 00 
6 2  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2ifk 
1 3  
23 
33 
43 
53 
63 
73 
83 

·k COD E :  A 
0 .  

I .  50 
2 . 50 
3. 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  

PROF I T .  K -LEVElS 
PROS P .  O N  STREAM 

__ %_ NO. VALUE * 

3 1 . 6  4 ABCD 
36 . 8  5 ABC DE  
36 . 8  5 ABCDE 
36 . 8  5 ABC DE  
37.  I 6 ABCDEF 
37 . 1 6 ABCDEF 
37. I 6 ABCDEF 
37. I 6 ABCDEF 

3 1 . 6  4 ABCD 
3 1 . 6  4 ABCQ 
36 . 8  5 ABCDE 
36 . 8  5 ABCDE 
37. I 6 ABCDEF 
37.  I 6 ABCD EF  
37 .  I 6 ABCDEF 
37: I 6 ABCDEF 

2 3 . 8  3 ABC 
3 1 . 6 4 ABCD 
3 1 . 6  4 ABCD 
36 . 8  5 ABC DE 
36 . 8  5 ABCDE 
37. I 6 ABCDEF 
37. I 6 ABCDEF 
37 . 1 6 ABCDEF 

C D E F 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  

TAB LE 1 0- 33 

ECONOM I C S  SUMMARY 

FORMAT I ON Mowr�, Greenhorn C a r l i l e 

AVERAGE PER PROSPECT BAS IN TOTALS 
E & P GAS NET PRE S . DCF RATE 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. 

_w__ ....!!fl._ �M % AT PR I C E  9CF G I P  BCF  

1 879 7 . 1 0 1  229 1 3 . 4  8365 8742 
2224 7 . 759 1 083 23 . 6  904 1 1 0255  
2224 7 . 759 1 641 29 . 8 " " 

2224 7 . 75 9  20 1 2  33 . 7  " " 

2256 7 . 792 3409 46 . 7  9062 1 033 1  
2256 7 .  792 5276 6 1 . 3 " " 

2256 7 . 792 7 1 43 73 . 4  " " 

2256 7 . 792 9944 88 . 7  . .  . .  

1 879 7 . 1 0 1  -76 1 3 . 4  0 0 
1 879 7. 1 0 1  5 1 4  24. 8  8365 8742 
2224 7 . 759 866 29 . 8 904 1 1 0255  
2224 7 . 759 1 1 2 1  33 . 7  " " 

2256 7. 792 2076 46 . 7 " " 

2256 7 . 792 3356 6 1 . 3  9062 I 0331  
2 256 7 . 79 2  4635 73 . 4  " " 

2256 7 . 79 2  6555 88 . 7  
" " 

1 373 5 . 373 - 1 87 1 4 . 0  0 0 
1 879 7. 1 0 1  1 93 24. 8 8365 874 1 

" " 
1 879 7. 1 0 1  453 30 . 9  904 1 1 0255  2224 7 . 759 623 33 . 7  
2224 7 . 759 1 327  46 . 9  " " 

2256 7 . 79 2  2 267 6 1 . 3 9062 1 033 1  
2256 7 . 79 2  3 2 1 0  73 . 4  " " 

2 256 7. 792 4624 88. 7 . .  . .  

TECHNOLOGY Base Case 

DATE June 1 980 

WELLS 
MAX NO . W I  LOCAT 
PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 

AT PR I C E  % DRY �- DRY PROD . TOTAL 

1 6 . 4  1 1 78 1 896 372 1 223 4890 8381 
1 1 65 1 9 . 1 1 8 1 4  429 1 5 1 8  6075 9836 " 1 9 . 1 " " " " " 

" 1 9 .  I 
1 1 63 1 9 . 3  1 806 43 1  1 54 1  6 1 66 9947 " 1 9 . 3  

" 1 9 . 3 
" 1 9 . 3  

1 6 . 4  0 0 0 0 0 0 
1 6 . 4  1 1 78 1 896 372 1 22 3  4890 8381 

1 1 65 1 9 .  I 1 8 1 4  429 1 5 1 8  6075 9836 
" 1 9 . I 
" 1 9 . 3  

1 1 63 1 9 . 3  1 806 43 1  1 5 1 4  6 1 66 9947 
" 1 9 . 3  
" 1 9 . 3  

1 2 . 3  
1 1 7� 0 0 0 0 0 

1 6 . 4 1 896 372 1 223 4890 8381 
" 1 6 . 4  " " " " " 

1 1 65 1 9 . 1 1 8 1 4  429 1 5 1 8  6975 9836 
" 1 9 .  I 

1 1 63 
1 9 . 3  

1 806 43 1  1 54 1  6 1 66 9947 
" 1 9 . 3  
" 1 9 . 3  
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TABL E  1 0- 34 

BAS IN  Northern Grea t P l a i ns-W i  I I  i s ton Economi c Summary 
SUB BAS I N  4 FORMAT ! ON Mowry, Greenhorn, �aclilc 

AVERAGE PER PROSPECT BAS IN TOTALS 
PROF I T .  K -LEVELS E & p GAS NET PRE S .  D C F  RATE 

GAS PR I C E  PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . 
CASE NO .  VMCF __ %_ NO . VALUE * __i!i__ ..!fL �M % AT PR I C E  ,IICF  G I P  BCF  

D i scoun t  Ra te  l �k 
1 2042 I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

I .  so 
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scoun t Rate l �k 
1 2  I .  50 
22 2 . 50 
32 3 .  1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
7 2  9 . 00 
82 1 2 . 00 

D i scount Ra te 2�k 
1 3  1 . 50 
23 2 . 50 
33 3 .  10  
43 3 . 50 
5 3  5 . 00 
6 3  7 . 00 
73 9 . 00 
83 1 2 . 00 

23 . 8  
36 . 8  
3 7 .  I 
3 7 .  I 
3 7 .  I 
3 7 .  I 
3 7 .  I 
3 7 .  I 

23 . 8  
36 . 8  
36 . 8  
3 7 .  1 
37 . 1  
37 . I 
37 . I 
37 . 1 

23 . 8  
29 . 0  
36 . 8  
36 . 8  
3 7 .  I 
37 . I 
37 .  1 
3 7 .  1 

3 ABC 
5 ABCOE 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 

3 ABC 
5 ABC DE 
5 ABC DE 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 

3 ABC 
4 ABCD 
5 ABC DE 
5 ABC DE 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 
6 ABCDEF 

* COD E :  A b C D E F 
0 . 3 0 . I 0 . 03 0 0 1  0 . 003 0 . 00 1  

1 403 s. 372 225 1 3 . 6  6838 6838 
2261 7 . 798 1 22 1  24 . 3  1 0255 1 0255 
2337 7 . 897 1 8 1 3 30 . 2  1 03 3 1  1 03 3 1  
2337 7 . 897 2208 34 . I " " 
2337 7 . 897 3687 47 . 2 " " 
2337 7 . 897 5659 61 . 8  " " 
2337 7 . 897 763 1 74 . 4 " " 
2337 7 . 897  1 0590 90 . 4  " " 

1 403 5 .  372 -60 1 3 . 6  0 0 
226 1 7 - 798 566 24 . 3  1 0255  1 0255 
226 1 7 . 798 969 30 . 4  " " 
2337 7 . 897 1 243 34 . I 1 033 1  1 033 1  
2337 7 . 897  2265 4 7 . 2  " " 
2337 7 . 897 3629 6 1 . 8  " " 
2337 7 . 897 4992 74 . 4 " " 
2337 7 . 897  7037 90 . 4  " " 

1 403 s .  372 -221  1 3 . 6  0 0 
1864 6 . 535  1 80 24 . 2  8742 8742 
2261 7 . 798 499 30 . 4  1 0255  1 0255 
2261 7 . 798 699 34 . 2  " " 
2337 7 . 897 1 458 47 . 2  1 03 3 1  i 0 3 3 1  
2337 7 . 897 2469 6 1 . 8  " " 
2337 7 . 897 3480 74 . 4  " " 
2337 7 . 897 4997 90 . 4  " " 

TECHNOLOGY Adllacced c�c:o"' 
DATE Jucc l98Q 

WELLS 
MAX NO.  W I LDCAT 
PROS P .  SUCC ESS W I LDCAT DEVE LOPMENT 

AT PR I CE % DRY PROD . DRY PROD . TOTAL 

1 2 73 1 2 . 3  2 1 48 303 398 1 592 444 1 
1 3 1 5  1 9 .  I 2047 484 887 3555 6975 
1 308 1 9 . 3  2034 486 9 1 7  3666 7 1 02 

" 1 9 . 3 " " " , ,  " 
" 1 9 . 3  
" 1 9 . 3  
" 1 9 . 3  
" 1 9 . 3  

0 1 2 . 3  0 0 0 0 0 
1 3 1 5  1 9 . 1 2047 484 887 3555 6975 

" 
1 9 . 1 " " " " " 

1 308 1 9 . 3  2034 486 9 1 7  3666 ] 1 02 
" 1 9 . 3  " " " " " 
" 1 9 . 3  
" 1 9 . 3  
" 1 9 . 3  

0 1 2 . 3  0 0 0 0 0 
1 338 1 5 .  I 2 1 88 388 66 1 2645 5882 
1 3 1 5  1 9 .  I 2047 484 887 3555 6975 

" 1 9 .  I " " " " " 

1 308 1 9 . 3  2034 486 9 1 7  3666 7 1 02 
" 1 9 . 3  
" 1 9 . 3  
" 1 9 . 3  



I-' 
0 

I 
lll 
1.0 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL C BBL/MMCF ) :  0 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) C % > ( FT . )  

0 .3 397 1 0 . 4 39 

0 . 1 54 1 9 . 0 5 1  

0 . 03 493 7 . 4 62 

0 .0 1  34 1 6 . 0 87  

0 . 003 477 5 . 5  98 

0 . 00 1 23 5 . 0  1 20 

2272 

TABLE 1 0- 3 5  

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Northern Great P I  a i ns-W i I I i ston 
SUBBAS I N : 5 
FORMAT I ON :  Mowry , Greenhorn , Car l i l e , 

E ag l e  

DEPTH C FT . ) :  2000 
PRESSURE ( PS I A ) : 860 
TEMPERATURE ( ° F ) : 1 94 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BC F )  PRODUCT I VE I st W/C 2 n d  W/C 

246 5 . 09 1 9 56 0 . 45 0 . 30 0 . 90 

1 38 0 1 . 50 2924 0 . 4 5  0 . 2 5  0 . 90 

3462 . 73 2507 0 . 45 0 . 20 0 . 90 

2725 . 03 1 973 0 . 4 5  0 .  1 5  0 . 90 

3936 . 0 1  267 1 0 . 45 0 .  1 5  0 . 90 

2 1 1 . 26 1 34 0 . 4 5  0 .  1 0  0 . 90 

26602 . 1 2 1 65 



TABL E  1 0- 36 

W E L L P R OD UC T I ON S U M M A R Y--B A S E  C A S E 

N G P- w i L L I S T O N ,  M O W R Y  + G R E E N H O R N  + C A R L I L E + E A G L E  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( H D )  
Y E A R  

1 3 0 2 2' 5 1  1 6 4  1 3 1  7 7  5 2  

I-' 
0 2 2 2 5  1 7 3  1 0 2  7 5  4 3  2 8  I 
0'1 
0 

5 1 7 4 1 2 1  69 49 2 5  1 6  

1 0 1 4 0 9 8  5 2  3 6  1 8  1 1  

1 5  1 1 9  8 7  4 6  3 0  1 6  9 

2 0  1 0 0  7 8  4 2  2 1  1 4  8 

3 0  8 0  6 6  3 7  2 3  1 2  7 

3 0 - Y E A R 
C U P'. M , 
P R O D . 3 9 0 6  2 9 3 0  1 6 4 8 1 1 3 0 6 09 3 8 2  

( M M C F ) 



TAB LE  1 0-37  

w E L L  P R O D U C T I ON S U M M A R Y-- A � A NC E D  C A S E  

N G P- W I L L I S T O N ,  M O W R Y + G R E E N H O R N  + C A R L I L E + E A G L E 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C MO )  

1 4 3 0  3 8 4 3 3 8  3 0 9 2 3 2  1 7 1  

...... 
2 3 2 0  2 6 7 2 4 7  2 0 6 1 4 5  1 0 1  0 I 0'\ ...... 
5 2 4 0  1 8 8  1 7 4 1 3 7  8 9 6 1  

1 0  1 9 4  1 4 7 1 3 3 1 0 4 6 4 4 2  

1 5 1 6 9  1 2  7 1 1 5  8 9  5 4  3 5  

2 0  1 4 9 1 1 4 1 0 4 7 9 4 8  3 0  

3 0  1 2 5  9 8  8 8  6 6  3 9  2 5  

3 0 - Y E A R 
C U M M . 
P R O D . 5 5 9 2  4 3 9 6 4 0 0 3  3 1 5 3 2 0 1 6  1 3 6 0  

( M M C F ) 



TABLE 1 0-38 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N :  Northern Great P l a i ns -W i I I i ston 
SUB-BAS I N :  5 
FORMAT I ON :  Mowry + Greenhorn + Car l i l e + Eag l e  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF  RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS [ MAX=4 1 ( BC F )  ALL GAS [ MAX= 1 2 1  ( BCF ) ....... 

0 
I 

"' 
I\.) . 3  1 . 223 1 . 223 1 896 . 854 . 854 1 896 

• 1 1 . 844 1 . 844 2924 1 . 229 1 . 229 292 4  

. 03 3 . 086 3 . 086 2507 1 . 270 1 . 270 2507 

.o  1 5 .  1 2  4 1 54 1  1 . 835 1 . 835 1 973 

. 003 9 . 1 8 1  4 1 1 64 2. 778  2 .  778  267 1  

. 00 1 1 5 . 1 93 4 3 5  4 . 27 5  4 . 275  1 34 

1 0067 1 2 1 05 



I-' 
0 
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TABLE l 0-39  

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  5 
FORMAT I ON :  Mowry  + Greenhorn  + Car l i l e + Eag l e  

Geo l ogy a n d  Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ] 
Ad va nced Ca se [ 2000/4000 Ft . Fracture ]  

S urface Eq u i pment ( $/We I I ) 

Annua l Operat i ng Expense ( $/We i I )  

Compresso r  Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Ga s Revenue 

7 5 , 000 

63 , 000 

84 , 000 - 268 , 000 
1 06 , 000 - 969 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



...... 
0 
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TABL E  1 0-40 

No
.
r thern Grea t P l a i ns - W i  1 1  i s  ton 

ECONOM I CS SUMMARY 
BAS I N  

SUB BAS I N  5 FORMAT I ON Howry, Greenhorn, Ca r l i l e ,  Eag l e  

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T .  K -LEVELS E & p GAS NET PRES .  D C F  RATE 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 
CASE NO.  VHCF _%_ N O .  VALUE * ...itL_ � �H % AT PR I C E,SC F  G I P BCF 

D i scoun t Rate  l �k 
1 20S I I I  l .  so 34. S 4 ABCD 

2 1  2 . SO 42 . 7 s ABC DE  
3 I 3 .  1 0  42 . 7  s ABCDE 
41 3 . 50 42 . 7  s ABC DE 
5 1  s . oo 43 . I 6 ABCDEF 
6 1  7 . 00 43 . 1 6 ABCDEF 
71 9 . 00 43 . I 6 ABCDEF 
8 1  1 2 . 00 43 . I 6 ABCDEF 

D i scoun t Rate  l�k 
1 2  1 .  so 34. S 4 ABCD 
22 2 . SO 34. 5 4 ABCD 
32 3 .  1 0  42 . 7  s ABC DE 
42 3 . SO 42 . 7 s ABC DE  
5 2  5 . 00 42 . 7  s ABC DE  
6 2  7 . 00 43 . I 6 ABCDEF 
72 9 . 00 43 . 1 6 ABCDEF 
82 1 2 . 00 43 . I 6 ABCDEF 

D i scount Ra te 2�£ 
1 3  1 .  50 2 7 . 7  3 ABC 
23 2 . 50 34. S 4 ABCD 
33 3 . 1 0  34. S 4 ABCD 
43 3 . SO 42 . 7  s ABCDE 
53 s . oo 42 . 7  5 ABC DE 
63 7 . 00 43 . '1 6 ABCDEF 
73 9 . 00 43 . I 6 ABCDEF 
83 1 2 . 00 43 . I 6 ABCDEF 

* COD E :  A 
0 . 

B C 0 E F 
0 .  I 0 . 03 0 . 0 1 0 . 003 0 . 00 1  

1689 
223 1 
223 1 
223 1 
22S6 
2 2S6 
22S6 
22S6 

1 689 
1 689 
2 2 3 1  
223 1  
223 1 
22S6 
22S6 
2 2S6 

1 33 7  
1 689 
1 689 
223 1 
223 1 
22S6 
2256 
2256 

7 . 3S4 4 1 3  1 6 . 3  8926 93S8 
8 . 40S 1 33S 26 . 7  1 009 1 1 2032 
8 . 40S 1 947 3 3 . 4  " " 
8 . 40S 23S5 3 7 . 7  " " 
8 . 430 3888 S 1 . 7  1 0 1 27 I 2 1 6S 
8 . 430 S934 6 7 . 4  " " 
8 . 430 798 1 so. s " " 
8 . 430 I I OSO 97 .  I " " 

7 . 3S4 64 1 6 . 3  8926 93S8 
7 . 354 692 2 8 . 6  " " 
8 . 40S 1 083 3 3 . 4  1 009 1 1 2032 
8 . 405 1 364 3 7 . 7  " " 
8 . 40S 241 7 5 1 . 8  " " 
8 . 430 3826 6 7 . 4  1 0 1 27 1 2 1 6S 
8 . 430 S23S 8o . s " " 
8 . 43 0  7348 97 . 1 " " 

S . 968 - 1 1 1  1 6 . S  0 0 
7 .  3S4 335 28 . 6  8926 9358 
7 . 3S4 6 1 3  35 . 0  " " 
8 . 40S 807 3 7 . 7 1 009 1 1 2032 
8 . 405 1 205 S l . 8  " " 
8 . 430 2627 6 7 . 4 1 0 1 2 7  1 2 1 6S 
8 . 430 3669 8o . s  " " 
8 . 43 0  1 20S 97. I " " 

TECHNOLOGY Base Case 

DAlE June 1980 

WE L LS 
MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVELOPMENT 

AT PR I CE % DRY E!!QQ.. DRY PROD . TOTAL 

1 2 1 4  1 8 . 2  1 88 1  4 1 9  9 1 1 3646 68S9 
1 200 2 2 . S  1 762 S l 3 1 277 5 1 05 8657 

" 2 2 . S  " " " 
" 22 . S  

1 20 1  2 2 . 7  1 7S8 S l 8  1 292 S l 67 8734 
" 2 2 . 7 
" 22 . 7 
" 22 . 7  

1 88 1  1 8 . 2  1 88 1  4 1 9  3 1 1 3646 68S9 
" 1 8 . 2  " " " " " 

1 200 2 2 . S  1 762 S l 3  1 277 S I 05 8657 
" 2 2 . S  
" 2 2 . S  

1 20 1  22 . 7  1 7S8 S l 8  1 292 S l 67 8734 " 22 . 7  " " " 
" 2 2 . 7  

0 1 4 . 6 0 0 0 0 0 
1 2 1 4  1 8 . 2 1 88 1  4 1 9  3 1 1 3646 6859 

" 1 8 . 2  " " " " " 
1 200 2 2 . 5  1 762 5 1 3  1 277 S I OS 86S7 

" 2 2 . S  " " " 
1 20 1  2 2 . 7 1 7S8 5 1 8  1 292 5 1 67 8734 

" 22 . 7  
" 22 . 7  



TABL E  1 0-4 1  

ECONOM I CS SUMMARY 
BAS I N  Northern Great P l a i ns-Wi l l i s ton 

SUB BAS I N  5 FORMAT I ON Mowr�, Greenhorn, Ca r l i l e, Eagle 

AVERAGE PER PROSPECT BAS I N  TOTA LS 
PROF I T .  K -LEVELS E & P GAS NET PRE S .  DCF RATE 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. 
CASE NO . VHCF ____x_ NO. VALUE * _it!__ � �M % AT PR I CE,&CF G I P  BCF 

D i scour1 t Rate I ct',(. 
1 2052 1 1 I .  50 34 . 5  4 ABCD 2060 7 . 368 308 1 3 . 7  9358 9358 

2 1  2 . 50 42 . 7  5 ABC DE 3 1 1 5  9 . 279 1 4 5 1  23 . 7  1 2032 1 2032 
3 1  3 . 1 0  42 . 7  5 ABC DE 3 1 1 5  9 . 279 2 1 78 30 ; 1  " " 
4 1  3 . 50 42 . 7  5 ABC DE 3 1 1 5  9 . 279 2663 34 . 2  " " 
5 1  5 . 00 4 3 .  I 6 ABCDEF 3 1 88 9 . 353 4504 48 . 1 1 2 1 65 1 2 1 65 
6 1  7 . 00 43. I 6 ABCDEF 3 1 88 9 . 353 6950 64 . 3 " " 

1-' 7 1  9 . 00 43. 1 6 ABCDEF 3 1 88 9 - 353 9396 78 . 5  " " 
0 8 1  1 2 . 00 43 . I 6 ABCDEF 3 1 88 9 . 353 1 3065 96 . 8  " " 

I 
0"\ D i scoun t Rate I� (JI 1 2  1 .  50 27 . 7  3 ABC 1 694 5 . 968 - 1 25 1 2 . 6  0 0 

22 2 . 50 34 . 5  4 ABCD 2060 7 . 368 597 24 . 3  9358 9358 
32 3 .  10  42 . 7  5 ABC DE 3 1 1 5  9 . 279 1 1 62 30 . 1 1 2032 1 _2032 
42 3 . 50 42 . 7  5 ABC DE 3 1 1 5  9 . 279 1 500 34 . 2  " " 
52 5 . 00 43 .  1 6 ABCDEF 3 1 88 9 - 353 2777 48 . 1  1 2 1 65 1 2 1 65 
62  7 . 00 43 .  I 6 ABCDEF 3 1 88 9 . 353 4482 64 . 3  " " 
72 9 . 00 4 3 .  1 6 ABCDEF 3 1 88 9 . 353 6 1 86 78 . 5  " " 
82 1 2 . 00 43 . 1 6 ABCDEF 3 1 88 ! 1. 353 8742 96 . 8  " " 

D i scoun t  Rate 2if/q 
1 3  I .  so  27 . 7 3 ABC 1 694 5 . 968 -30 7  1 2 . 6  0 0 
23 2 . 50 34 . 5  4 ABCO 2060 7 . 368 2 1 5  24 . 3  9358 9358 
33 3. 10 34 . 5 4 ABCD 2060 7 . 368 5 1 5  30 . 1 " " 
43 3 . 50 34 . 5  4 ABCO 2060 7 . 368 7 1 5  33 . 7  

" " 
53 5 . 00 42 . 7  5 ABC DE 3 1 1 5  9 . 279 1 789 48 . 2  1 2032 1 2032 
63 7 . 00 43 . I 6 ABCDEF 3 1 88 9 . 353 3066 64 . 3  1 2 1 65 1 2 1 65 
73 9 .  00 43 .  1 6 ABCDEF 3 1 88 9 . 353 4338 78 . 5  

" " 
" " 83 1 2 . 00 43 . 1 6 ABCOEF 3 1 88 9 . 353 6246 96 . 8  

* CODE :  A B G 0 E F 
0 . 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 001  

TECHNOLOGY Ad�ao,�d Cas� 

DATE 

MAX NO . 
PROSP . 

AT PR I CE 

1 270 
1 297  

" 
" 

1 30 1  
" 
" 
" 

0 
1 270 
1 297 

" 
1 30 1  

" 
" 
" 

0 
1 270 

" 
" 

1 297  
1 30 1  

" 
" 

Jyne 1 9!l.Q 

W I LDCAT 
SUCCESS 

% 

1 8 . 2  
2 2 . 5  
22 . 5  
22 . 5 
22 . 7 
22 . 7 
2 2 . 7  
22 . 7  

1 4 . 6 
1 8 . 2  
22 . 5 
22 . 5 
22 . 7 
22 . 7  
22 . 7 
22 . 7  

1 4 . 6 
1 8 . 2 
1 8 . 2 
1 8 . 2 
22 . 5  
22 . 7 
22 . 7  
22 . 7  

W I LDCAT 
Q!iY. PROD . 

1 969 4 38 
1 904 553 

" " 

1 904 56 1 

0 0 
1 969 438 
1 904 553 

" " 
" 56 1 
" " 

0 0 
1 969 438 

1 904 553 
1 904 56 1 

" " 

WELLS 

DEVELOPMENT 
Q!iY. PROD . TOTAL 

449 1 795 4652 
734 2934 6 1 26 

" 

753 30 1 1  6230 

0 0 0 
449 1 795 4652 
734 2934 6 1 26 

" " " 
753 30 1 1  6230 

" " 

0 0 0 
449 1 795 4652 

734 2934 6 1 26 
753 30 1 .1 6230 

" " " 



1--' 
0 

I 

TOTAL BAS I N  AREA ( S ECT I ONS ) :  1 20 , 000 
TYPE : B I a n ket 

NGL ( BBL/MMC F ) : O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) ( S ECT I ONS ) ( % ) ( FT . ) 

CTI 0 . 3 403 1 0 . 7  26 
CTI 

o .  1 4 58 9 . 0 34 

0 . 03 3 1 1 7 .4 47 

0 . 0 1  238 6 . 0 62 

0 . 003 403 5 . 5  72 

0 . 00 1 1 9  5 . 0 85  

1 832 

TABLE 1 0 -42 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUBBAS I N : 6 
FORMAT I ON :  Mowry , Greenhorn , Eag l e  

DEPTH ( FT . ) :  1 47 5  
PRESSURE (PS I A ) : 635 
TEMPERATURE ( ° F ) : 86 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) < BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

1 3 1 2 . 89 1 009 0 . 40 0 . 30 0 . 90 

1 688 . 5 1  1 298 0 .40  0 . 2 5  0 . 90 

1 303 . 1 8  942 0 . 40 0 . 20 0 . 90 

1 066 . 67 77 1 0 . 40 0 . 20 0 . 90 

1 922 . 7 1  1 304 0 .40 0 . 1 5  0 . 90 

97 . 2 9  62 0 . 40  0 .  1 0  0 . 90 

739 1 . 5386 



TAB L E  1 0-43 

WE L L  P R OD U C T I ON  S U M MA R Y--B A S E  C A S E 

N G P-W I L L I S T O N ,  MO W R Y  + G R E E N H O R N  + E A G L E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 , 3  0 . 1  0 . 0 3 o . o 1 
Y E A R 

0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  

1 1 2 2  1 0 2 7 7  5 8  3 6  2 3 

....... 
0 2 9 0 7 1 4 7 3 3  2 0 1 2  
I 

m 
-...] 

5 7 0  4 9  3 2  2 0  1 1  7 

1 0  5 7  4 0  2 4  1 6  8 5 

1 5  4 9  3 5  2 1  1 3 7 4 

2 0 4 2 3 2 1 9  1 2  6 3 

3 0  3 4  2 8  1 7 1 0  5 3 

3 0 - Y E A R 
C U M M , 
P R O D . 1 6 2 4  1 2 0 3 7 o 8 5 0 1  2 79 1 7 1  

C M M C F ) 



TAB L E  1 0-44 

� E L L  P R O D U C T I ON S U M M A RY--A D V A NC E D  C A S E  

N G P-� I L L I S T O N, MO � R Y  + G R E E NH O R N  + E A G L E  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  o . 1  0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 1 7 3  1 5 6 1 5 5 1 3 5 1 0 5  7 5  

1-' 
0 

2 1 2 9  1 0 9 1 1 4 9 1  6 6  4 5  

I 
0'1 
00 

5 9 7  7 7  8 1  6 1 4 1 2 7  

1 0  7 9 6 0  6 3  4 6  2 9  1 9  

1 5  6 9  5 2  5 4  3 9  2 4  1 5  

2 0  6 1 4 7  4 9  3 5  2 2  1 3  

3 0  5 2  4 0  4 1  2 9  1 8  1 1  

3 0 - Y E A R  
C U M � . 
P R O D .  2 2 9 9 1 8 0 7  

( f'1 M C F ) 
1 8 7 4 1 3 9 6  9 2 8  6 0 8 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY USED 
( MD )  

t-' 
ALL GAS [ MAX=4 l 

0 

I 
0'1 
1.0 . 3  1 .  54 1 1 .  54 1 

• 1 2 . 355 2 . 355  

. 03 3 . 94 1  3 . 94 1  

. 0 1  6 . 470 4 

. 003 1 1 . 5 52 4 

. 00 1  1 8 . 948 4 

TABLE l 0-45 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUB-BAS I N :  6 
FORMAT I ON :  Mowry + Greenhorn + Eag l e  

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WEL LS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS [ MAX= 1 2 l  

1 009 1 . 088 1 . 088 

1 298 1 .  567 1 .  567 

942 1 . 6 1 7  1 .  6 1 7  

4 76 2 . 320 2 . 320 

45 1 3 . 482 3 . 482 

1 3  5 . 329 5 . 329 

4 1 89 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WELLS 

< BCF ) 

1 009 

1 298 

942 

7 7 1 

1 304 

62 

5386 



1--' 0 I -....] 0 

TABLE 1 0-46 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

D r i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i  I )  

- Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  6 
FORMAT I ON :  Mowry + Greenhorn + Eag l e  

Ad vanced Case [ 2000/4000 Ft.  Fract u r e ]  

S u r face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

7 5 , 000 

5 1 , 000 

84 , 000 - 1 6 1 , 2 50 
1 06 , 000 - 606 , 250 

1 03 , 000 

7 , 200 

. 05 1 8  
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BAS I N  Nor thern G rea t P l a i ns -w i  1 1  i s  too 

SUB BAS I N  6 

PROF I T . K -LEVELS 
GAS PR I CE PROS P .  O N  STREAM 

CASE NO . VMCF __ %_ NO . VALUE * 

D i scoun t Rate l �k 
1 2061 1 1 1 .  50 2 5 . 9  3 ABC 

2 1  2 . 50 3 1 . 4  4 ABCD 
3 1 3 . 1 0  3 1 . 4  4 ABCD 
4 1  3 . 50 3 1 . 4  4 ABCD 
5 1  5 . 00 38 . 9  5 ABC DE 
6 1  7 . 00 39 . 3  6 ABCOEF 
71 9 . 00 39 . 3  6 ABCDEF 
8 1  1 2 . 00 39 . 3  6 ABCDEF 

D i scoun t Rate l �lo 
1 2  1 .  50 25 . 9  3 ABC 
22 2 . 50 3 1 . 4  4 ABCD 
32  3 . 1 0  3 1 . 4 4 ABCD 
42 3 . 50 3 1 . 4  4 ABCD 
52 5 . 00 38 . 9 5 ABC DE 
62  7 . 00 3 8 . 9  5 ABC DE 
72 9 . 00 3 9 . 3 6 ABCDEF 
82 1 2 . 00 39 . 3 6 ABCDEF 

D i scou n t  Rate 2�1. 
1 3  1 .  50 1 9 . 6  2 AB 
23 2 . 50 25 . 9  3 ABC 
33 3. 1 0  3 1 . 4 4 ABCD 
43 3 . 50 3 1 . 4 4 ABCD 
53 5 . 00 3 1 . 4  4 ABCD 
63 7 . 00 3 8 . 9 5 ABC DE 
73 9 . 00 38 . 9  5 ABC DE 
83 1 2 . 00 39 . 3  6 ABCDEF 

1< COD E :  A 
0 . 

B C D E F 
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

TABL E  

ECONOM I CS 

FORMAT I ON Mowry , G reenhorn , Eag l e  

AVERAGE PER PROSPECT 
E & p GAS NET PRES . DCF RATE 
I NVEST . PROD . VALUE OF RETURN 
_itL_ � �M % 

1 947 6 . 047 0 . 3  1 0 . 0  
236 1 6 . 963 738 1 8 . 7 
236 1 6 . 963 1 226 23 . 9  
236 1 6 . 963 1 5 5 1  27 . 1  
3054 7 . 746 2827 3 5 . 9  
309 1 7 .  769 46 1 4  48 . 9 
309 1 7. 769 6406 6 0 . 2  
309 1 7 .  769 9096 74. 4  

1 947 6 . 047 -244 1 0 . 0  
236 1 6 . 96 3  220 1 8 . 7  
236 1 6 . 96 3  547 23 . 9  
236 1 6 . 963 766 27 . 1 
3054 7 . 746 1 576 3 5 . 9  
3054 7 . 746 2778 49 . 1 
309 1 7 . 769 398 1 60 . 2 
3091  7 .  769 5790 74. 4 

1 506 4. 775 -326 9 . 9  
1 947 6 . 047 -23  1 9 . 4 
236 1 6 . 963 1 80 23 . 9  
236 1 6 . 963 338  27 .  1 
236 1 6 . 963 930 38 . 2 
3054 7 . 746 1 764 49 . 1  
3054 7 . 746 2636 6 0 . 3  
309 1 7 .  769 3946 74. 4  

1 0 -47 

SUMMARY 
TECHNOLOGY Base ease 

DATE J une 1 980 

BAS I N  TOTALS 
MAX NO . W I LDCAT 

GAS RECOVER . MAX RECOV . PROS P .  SUCCESS 
AT PR I CE IICF G I P  BCF AT PR I CE % 

325 1 325 1  537 1 3 . 7  
3728 4023 535 1 6 . 6  

" " " 1 6 . 6  
" " " 1 6 . 6  

4 1 80 5327 540 20 .6  
4 1 92 5386 5 39 20 . 8  

" " " 20 .8  
" " " 20 .8  

1 3 . 7 0 0 0 
3728 4023 535 1 6 . 6  

" " " 1 6 . 6 
" " " 1 6 . 6  

4 1 80 5327 540 20 . 6 
" " " 20 . 6  

4 1 92 5386 539 20 . 8  
" " " 20 .8  

0 0 0 1 0 . 4  
0 0 0 1 3 . 7  

3728 4023 535 1 6 . 6  
" " " 1 6 . 6  
" " " 1 6 . 6  

4 1 80 5327 540 20 . 6  
" " " 20 . 6  

4 1 92 5386 5 39 20 . 8  

W I LDCAT 
DRY PROD . 

876 1 39 
844 1 68 

8 1 0  2 1 0  
807 2 1 2  

0 0 
844 1 68 

" " 

8 1 0  2 1 0  
" " 

807 2 1 2  

0 0 
0 0 

844 1 68 

8 1 0  2 1 0  
" " 

807 2 1 2  

WELLS 

DEVELOPMENT 
DRY 

649 
828 

1 1 1 6 
1 1 28 

0 
828 

" 

1 1 1 6 
" 

1 1 28 

0 
0 

828 

1 1 1 6 
" 

1 1 28 

PROD . � 
2597 4260 
3 3 1 1 5 1 50 

4464 6600 
4 5 1 2  6659 

0 0 
3 3 1 1 5 1 50 

" 

4464 6600 
" " 

45 1 2  6659 

0 0 
0 0 

3 3 1 1 5730 

4464 6600 
" " 

45 1 2 6659 
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BAS I N  Northern Great P l a i ns-W i  I I  i s ton 

SUB BAS I N  6 

PROF I T . K -LEVELS 
GAS PR ICE  PROS P . ON STREAM 

CASE NO . VMCF __ %_ NO . VALUE '� 

D i scoun t Ra te  l ifk 
1 20621 1  I .  so 25 . 9  3 ABC 

2 1  2 . 50 3 1 . 4  4 ABCD 
3 1  3 .  1 0  38 . 9  5 ABC DE 
4 1  3 . 50 38 . 9  5 ABC DE 
5 1  5 . 00 38 . 9  5 ABC DE 
6 1  7 . 00 39 . 3  6 ABCOEF 
7 1  9 . cio 39 . 3  6 ABCDEF 
8 1  1 2 . 00 39. 3 6 ABCDEF 

D i scoun t Ra te l�k 
1 2  I .  50 2 5 . 9  3 ABC 
22 2 . 50 31 . 4  4 ABCD 
32 3 . 1 0  3 1 . 4  4 ABCD 
42 3 . 50 3 1 . 4  4 ABCD 
52 5 . 00 38 . 9 5 ABC DE 
62  7 . 00 39 . 3 6 ABCDEF 
72 9 . 00 39 . 3  6 ABCOEF 
82 1 2 . 00 39 . 3  6 ABCOEF 

D i scount  Rate 20% 
1 3  I .  50 1 9 . 6  2 AB 
23 2 . 50 2 5 . 9  3 ABC 
33 3 .  1 0  3 1  . 4  4 ABCD 
43 3 . 50 3 1  . 4  4 ABCD 
5 3  5 . 00 38 . 9  5 ABC DE 
63  7 . 00 38 . 9  5 ABC DE 
73 9 . 00 39 . 3  6 ABCDEF 
83 1 2 . 00 39 . 3  6 ABCDEF 

* CODE : A 
0 

B C D E F 
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

TAB L E  

ECONOM I C S  

FORMAT I ON Mowr�, G reenhorn, Eagle  

AVERAGE PER PROSPECT 
E & p GAS NET PRES . DCF RATE 
I NVEST . PROD . VALUE OF RETURN 
__w__ ..J!f£_ �M % 

1 888 6 . 04 7  2 8  1 0 . 3  
2400 7 . 2 1 5  883 1 9 . 3  
38 1 8  8 . 988 1 500 22 . 2  
38 1 8  8 . 988 1 937 25 . 6  
38 1 8  8 . 988 3574 3 7 . 3  
3942 9 . 072 5783 50 . 7 
3942 9 . 072 7989 62 . 5 
3942 9 . 072 1 1 297 77 . 7  

1 888 6 . 047 -250 1 0 . 3  
2400 7 . 2 1 5  290 1 9 . 3  
2400 7 . 2 1 5  639 24 . 3  
2400 7 . 2 1 5  871  2 7 . 3 
38 1 8  8 . 988 2020 37 . 3  
3942 9 . 072 3509 50 . 7  
3942 9 . 072 5004 62 . 5  
3942 9 . 072 7246 7 7 . 7  

1 573 4 .  775 -403 9. I 
1 888 6 . 04 7  -5 1  1 8 . 8 
2400 7 . 2 1 5  223 24 . 3  
2400 7 . 2 1 5  39 1 27 . 3  
38 1 8  8 . 988 1 1 67 37 . 3 
38 1 8  8 . 988 2244 5 1 . 0  
3942 9 . 072 3336 62 . 5  
3942 9 . 072 4970 77 . 7 

1 0 -48 

SUMMARY 
TECHNOLOGY Advanced Case 

DATE Jun'l I� 
BAS I N  TOTALS WELLS 

MAX NO . W I  LOCAl 
GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI  LOCAl DEVELOPMENT 

AT PR I C E,�CF G I P  BCF AT PR ICE  % DRY PROD . !1.!!.Y. PROD . TOTAL 

325 1  325 1 537 1 3 . 7  876 1 39 365 1 46 1  2842 
4023 4023 558 1 6 . 6 878 1 75 490 1 957 3500 
5327 5327 593 20 . 6  889 23 1  79 1  3336 5075 

" " " 20 . 6  
" " " 20 . 6  

5 386 5386 594 20 . 8  " 233  8 1 3 3250 5 1 85 
" " " 20 . 8  " " 
" " " 20 . 8  

0 0 0 1 3 . 7  0 0 0 0 0 
4023 4023 558 1 6 . 6  878 1 75 490 1 957 3500 

" " " 1 6 . 6  " " " " " 
" " " 1 6 . 6  

5327 5327 593 20 . 6  889 2 3 1  79 1  3336 5075 
5386 5386 594 20 . 8 889 233  8 1 3 3250 5 1 85 

" " " 20 . 8 " " " " " 
" " " 20 . 8  

0 0 0 1 0 . 4  0 0 0 0 0 
0 0 0 1 3 . 7  0 0 0 0 0 

4023 4023 558 1 6 . 6  878 1 75 490 1 957 3500 
" " " 1 6 . 6  " " " , ,  " 

5327 5327 593 20 . 6 889 2 3 1  79 1 3336 5075 
" " " 20 . 6  " " " " " 

5386 5386 594 20 . 8  " 233  8 1 3  3250 5 1 85 
" " " 20 . 8  " " " " " 
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TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) < SECT I ONS ) < % )  ( FT . ) 

0 . 3 330 1 0 . 7 1 4  

o .  1 378 9 . 0 1 8  

0 . 03 6 1 4  7 .4 2 1  

0 . 0 1  5 1 9  6 . 0  25  

0 . 003 496 5 . 5 30 

0 . 00 1 24 5 .0 40 

236 1 

TABLE 1 0 -49 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P I  a i ns-W i I I i ston  
SUBBAS I N :  7 

DEPTH ( FT . ) :  2200 
PRESSURE ( PS I A ) : 950 
TEMPERATURE ( ° F ) : 96 FORMAT I ON :  Mowry , J u d i th R i ver 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I V EN THAT 
RESERVO I R  COND . GAS NATURE I S  S TATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I VE I st W/C 2nd  W/C 

888 . 03 683 0 . 35 0 . 30 0 . 90 

1 1 00 . 0 5  846 0 . 3 5  0 . 30 0 . 90 

1 7 1 4 . 04 1 24 1  0 . 35 0 . 2 5  0 . 90 

1 398 . 50 1 0 1 3  0 . 3 5  0 . 2 5  0 . 90 

1 47 0 . 1 9  998 0 . 35  0 . 20 0 . 90 

86 . 23 55 0 . 3 5  0 . 1 0  0 . 90 

66 57 . 4836 



TABL E  1 0-50  

W E L L  P R OD U C T I ON S U M M A R Y--B A S E C A S E 

N G P -W I L L I S T O N, M O W R Y + J UD I T H  R I V E R 

G A S  P RO D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  o . o o 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 C M D )  
Y E A R  

1 1 3 7  1 1 2 6 9  4 7  2 9  2 2  

I-' 2 1 0 3  7 7 4 4  2 6  1 6  1 1  0 

I 
-...J 
.1::> 

5 7 9 5 4  2 9  1 7  9 7 

1 0  6 3  4 4  2 2  1 3  7 4 

1 5  5 2  3 8  1 9  1 1  6 4 

2 0  4 5  3 4  1 8  9 5 3 

3 0  3 3  2 8  1 6  8 4 3 

3 0- Y E A R 
C U M M . 
P R O D . 1 7 5 5  1 3 0 2 

( M M C F ) 
7 0 4  4 0 7 2 3 3  1 5 8  



TAB L E  l 0 - 5 1  

W E L L  P ROD U C T I ON S U M M A R Y-- A D V A N C E D  C A S E 

N G P - W I L L I S T Q N, � O w R Y  + J UD I TH R I V E R  

G A S  P R O D U C T I C N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 1 9 6  1 7 1  1 4 5  1 1 2  8 9  7 1  

...... 2 1 4 6 1 1 9  1 0 5  7 4  5 5  4 2  
0 I --.] U1 5 1 0 9  8 4  74  4 9  3 4  2 5  

1 0  8 7  6 5  5 7  3 7  2 4  1 7  

1 5  7 5  5 6  49  3 2  2 0  1 4  

2 0  6 7  5 0  4 4  2 8  1 8  1 2  

3 0  5 4  4 3  3 7  2 4  1 5  1 0  

3 0-Y E A R 
C U M M . 
P R O D . 2 5 2 5  1 9 5 4  1 7 07  1 1 3 7  7 7 1  5 6 5  

C M M C F ) 

® 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 
C MD )  ALL GAS [ MAX=4 1 

I-' 

0 

I 
-...) . 3  1 .  1 8  1 .  1 8  
0'1 

• 1 1 .  7 1 9  1 .  7 1 9  

. 03 2 . 872 2 . 872 

. 0 1  4 . 783 4 

. 0 03 8 . 598 4 

. 00 1  1 4 . 3 1 9  4 

TABLE l 0 - 5 2  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  7 
FORMAT I ON :  Mowry + J ud i th R i ver 

RECOVERAB LE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
C BCF ) ALL GAS 

683 . 820  

846 1 .  1 45 

1 24 1  1 .  1 84 

847 1 .  7 1 5  

464 2 . 606 

1 5  4 . 023 

4096 

ADVANCED 
NUMBER OF 

WEL LS/SECT I ON 
ACTUALLY USED 

[ MAX= I 2 1  

. 820  

1 . 1 45 

1 . 1 84 

1 .  7 1 5  

2 . 606 

4 . 023 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

C BC F ) 

683 

846 

1 24 1  

1 0 1 3  

998 

55  

4836 
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TABLE l 0-53  

I NVESTMENT AND OP�RAT I NG EXPENSES 

Geo l og y  and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Case l 1 000 Ft . Fracture ) 

BAS I N : Northern Great P l a i ns-W i I I i ston  
SUB-BAS I N :  7 
FORMAT I ON :  Mowry + J u d i th R i ver 

Ad van c ed Cas e  ! 2000/4000 Ft . Fracture ) 

S urface Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expen se ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenu e  

7 5 , 000 

68 , 000 

84 , 000 
1 06 , 000 - 27 5 , 000 

1 03 , 000 

7 , 200 

. 0 5 1 8 
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TABL E  

ECONOM I CS 
BAS I N  Nor thern G rea t P l a i ns -w i l l i s ton 

SUB BAS I N  7 FORMAT I ON Mowry , Jud i th R i ver 

AVERAGE PER PROSPECT 
PROF I T . K -LEVELS E & p GAS NET PRES . DCF RATE 

GAS PR I CE  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN 
CASE NO . �/MCF __ %_ NO. VALUE * _i!L_ � �M % 

D i scoun t Ra te  l �k 
1 20 7 1  I I  I .  so 1 8 . 5 5 ABC 1 823 4 . 223 -233 6 . 0  

2 1  2 . 50 25 . 5  4 ABCD 2647 5 . 63 2  2 2 1  1 2 . 6  
3 I 3 .  1 0  25 . 5 4 ABCD 2647 5 . 63 2  6 1 3  1 7 . I 
4 1  3 . 5 0 25 . 5  4 ABCD 2647 5 . 63 2  875 1 9 . 9  
5 1  s . oo 33 . 0  5 ABCDE 353 1 6 . 557 1877 27 . I 
6 1  7 . 00 3 3 . 3 6 ABCDEF 355 1 6 . 570 3 3 78 39. 3 
71 9 . 00 3 3 . 3  6 ABCDEF 355 1 6 . 570 4882 50 . 2  
8 1  1 2 . 00 3 3 . 3  6 ABCDEF 3 5 5 1  6 . 570 7 1 3 7 64 . 2  

D i scoun t Rate l �k 
1 2  I . 50 1 0 . 6  2 AB 1 07 1  2 . 385 -295 5 . 6  
22 2 . 50 1 8 . 5  3 ABC 1 823 4 . 223 -45 1 4 . 0  
3 2  3 .  1 0  25 . 5  4 ABCD 2647 5 . 6 3 2  1 26 1 7 .  I 
42 3 . 50 25 . 5  4 ABCD 2647 5 . 6 3 2  3 0 3  1 9 . 9  
5 2  5 . 00 3 3 . 0  5 ABC DE 35 3 1  6 .  557 9 1 6  27 . 1 
62 7 . 00 33 . 3  6 ABCDEF 355 1 6 . 570 1 928 39 . 3  
72 9 . 00 3 3 . 3  6 ABCDEF 355 1 6 . 570 2944 50 . 2  
82 1 2 . 00 3 3 . 3  6 ABCDEF 355 1 6 . 570 446 7  64. 2 

D i scount Ra te 20% 
1 3  I .  50 1 0 . 6  2 AB 1 0 7 1  2 .  385 -354 5 . 6  
2 3  2 . 50 1 8 . 5  3 ABC 1 823 4 . 223 -2 1 2  1 4 . 0  
3 3  3 .  1 0  1 8 . 5  3 ABC 1 823 4 .  223 -66 1 8 . 2  
43 3 . 50 25 . 5  4 ABCD 2647 5 . 6 3 2  -2 1 9 . 9  
53 5 . 00 25 . 5 4 ABCD 2647 5 . 6 3 2  478 29 . 9  
63 7 . 00 33 . 0  5 ABC DE 353 1 6 . 55 7  1 1 38 39. 4 
73 9 . 00 33 . 3  6 ABCDEF 355 1 6 . 570 1 876 50 . 2  
83 1 2 . 00 3 3 . 3  6 ABCOEF 355 1 6 . 570 2985 64. 2  

B C 0 E F ,., C ODE : A 
0 . 0 . 1 0 03 0 0 1  0 . 003 0 . 00 1  

1 0-54 

SUMMARY 
fECHNOLOGY Base Case 

DATE Juoe I �80 

BAS I N  TOTALS WELLS 
MAX NO . Il l  LDCAT 

GAS RECOVER . MAX RECOV . PROS P .  SUCCESS Il l  LDCAT DEVELOPMENT 
AT PR I C E,BCF G I P  BCF AT PR I CE % DRY �- DRY. PROD . TOTAL 

0 0 0 9 . 8  0 0 0 0 0 
36 1 8  36 1 8  642 1 3 . 5  1 05 1  1 64 I I  06 4424 6746 " " " 1 3 . 5  

" " " 1 3 . 5  
4082 4782 622 1 7 . 4  974 205 1 5 38 6 1 5 3 8870 
4097 4836 624 1 7 . 6  973 208 1 5 50 6201  8932 " " " 1 7 . 6  

" " " 1 7 . 6  

0 0 0 5 . 6  0 0 0 0 0 
0 0 0 9 . 8  0 0 0 0 0 

36 1 8  36 1 8  642 1 3 . 5  1 0 5 1  1 64 l l 'l6 4424 6746 " " " 1 3 . 5  " " " " " 
4082 4782 622 1 7 . 4  974 205 1 5 38 6 1 5 3  8870 
4097 4836 624 1 7 . 6  973 208 1 5 50 6201  8932 " " " 1 7 . 6  

" " " 1 7 . 6  

0 0 0 5 . 6  0 0 0 0 0 
" " " 

9 . 8  " " " 
9 . 8  

" " " 1 3 . 5  
36 1 8  36 1 8  642 1 3 . 5  1 05 1  1 64 l i 1J6 4424 6746 
4082 4782 622 1 7 . 4  974 205 1 5 38 6 1 5 3 8870 
4097 4836 624 1 7 . 6  973 208 1 550 620 1 8932 

" " " 1 7 . 6  
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BAS I N  No r thern Great P l a i ns-Wi l l i s ton 

SUB BAS I N  7 

PROF I T . K -LEVELS 
GAS PR I CE PROS P .  O N  STREAM 

CASE NO . VMC F __ %_ NO . VALUE * 

D i scoun t Ra t e  1 �/. 
1 2072 1 1  I .  50 1 8 . 5  3 ABC 

2 1  2 . 50 3 3 . 0  5 ABC DE 
3 1  3 .  1 0  3 3 . 0  5 ABC DE 
41 3 . 50 3 3 . 3  6 ABCDEF 
5 1  5 . 00 3 3 . 3  6 ABCDEF 
6 1  7 . 00 3 3 . 3  6 ABCDEF 
7 1  9 . 00 3 3 . 3  6 ABCDEF 
8 1  1 2 . 00 3 3 . 3  6 ABCDEF 

D i scoun t Rate 1 5% 
1 2  I .  50 1 0 . 6  2 AB 
22 2 . 50 2 5 . 5  4 ABCD 
32 3 . 1 0  3 3 . 0  5 ABC DE 
42 3 . 50 3 3 . 0  5 ABC DE 
52 5 . 00 3 3 . 3  6 ABCDEF 
6 2  7 . 00 3 3 . 3  6 ABCDEF 
72 9 . 00 33 . 3  6 ABCDEF 
82 1 2 . 00 3 3 . 3  6 ABCDEF 

D i scou n t  Rate 20% 
1 3  I .  50 1 0 . 6  2 AB 
23 2 . 50 1 8 . 5  3 ABC 
3 3  3 .  1 0  25 . 5  4 ABCD 
43 3 . 50 25 . 5  4 ABCD 
5 3  5 . 00 3 3 . 3 6 ABCDEF 
6 3  7 . 00 3 3 . 3  6 ABCDEF 
73 9. 00 33 . 3  6 ABCDEF 
8 3  1 2 . 00 3 3 . 3  6 ABCDEF 

1; CODE : A 
0 . 

B C D E F 
0 . I 0 . 0 3 0 . 0 1  0 . 003 0 . 0 0 1  

TAB L E  l 0 -55  

ECONOM I C S  SUMMARY 
TECHNOLOGY Advanced Case 

FORMAT I ON Mowr�, Jud i th R i ve r  DATE ___ June ...llllD. 
AVERAGE PER PROSPECT BAS IN TOTALS WELLS 

E & p GAS NET PRE S . DCF RATE MAX NO . W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP . SUCCESS W I  LOCAT DEVELOPMENT 
__itL_ ..J!f.E_ �M % AT PR I C E  BCF G I P  BCF  AT PR I CE % DRY PROO . DRY PROD . TOTAL 

1 744 4 . 22 3 - 1 8 3 7 .  I 0 0 0 9 . 8  0 0 0 0 0 
3 4 3 7  7 . 1 95 5 1 2  1 4 . 8  4 782 4782 665 1 7 . 4  1 040 1 5 3 857 3429 5545 
3437 7 . 1 95 1 04 7  1 9 . 6 . .  . .  . .  

1 7 . 4  
. .  . .  . .  . .  . .  

3474 7 . 2 37 1 40 7  22 . 6  4836 4836 668 1 7 . 6  1 042 222 869 3490 5603 
3474 7 . 2 3 7  2754 3 3 . 6  . .  . .  . .  

1 7 . 6  
3474 7 . 2 3 7  4550 46 . 4 . .  . .  . .  

1 7 . 6  
3474 7 . 2 3 7  6 3 4 7  5 7 . 6  . .  . .  . .  

1 7 . 6  
3474 7 . 2 3 7  904 1 7 1 . 9  . .  . .  . .  

1 7 . 6  

1 2 1 0  2 . 385 - 385 4 . 6 0 0 0 5 . 6  0 0 0 0 0 
2 3 8 1  5 . 632 3 3  1 5 . 5  3785 3785 672 1 3 . 4  1 1 00 1 7 1 536 2 1 4 3 3950 
3437 7.  1 9 5 3 5 1  1 9 . 6  4 782 4782 665 1 7 . 4  1 040 1 5 3 857 3429 5545 
3437 7 . 1 95 595 22 . 7  . .  . .  . .  

1 7 . 4  
. .  " . .  . .  . .  

3474 7 . 2 3 7  1 5 1 2  3 3 . 6  4836 4836 668 1 7 . 6  1 042 222 869 349') 5603 
3474 7 . 2 3 7  2736 46 . 4 . .  . .  . .  

1 7 . 6 
3474 7 . 2 3 7  396 1 57 . 6 . .  . .  . .  

1 7 . 6  
3474 7 . 2 3 7  5797 7 1 . 9  . .  . .  . .  

1 7 . 6  

1 2 1 0  2 . 385 -450 4 . 6  0 0 0 5 . 6 0 0 0 ) 0 
1 744 4 . 2 2 3 - 2 1 8  1 4 . 4 . .  . .  . .  

9 . 8  
2 3 8 1  5 . 632 -2 1 9 . 9 . .  . .  . .  

1 3 . 4  
2 3 8 1  5 . 6 32 1 33 22 . 7  3785 3785 672 1 3 . 4 I I  00 1 7 1 5 36 2 1 4 3 3950 
3474 7 . 2 3 7  8 2 7  3 3 . 6  4836 4836 668 1 7 . 6 1 042 222 869 3490 5603 
3474 7 . 2 3 7  1 72 3  46 . 4 . .  . .  . .  1 7 . 6 
3 4 74 7 . 2 3 7  26 1 9  5 7 . 6  . .  . .  . .  1 7 . 6  
3474 7 . 2 3 7  3963 7 1 . 9  . .  . .  . .  

1 7 . 6  



I-' 
0 
I 

00 
0 

TOTAL BAS I N  AREA ( SECT I ONS ) :  1 20 , 000 
TYPE : B l a nket 

NGL ( BBL/MMCF ) :  O . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
<MD ) ( S ECT I ONS ) ( % ) ( FT . ) 

0 . 3 4 1 7  1 0 .4 32 

o .  1 224 9 . 0 42 

0 . 03 320 7 . 4 57 

0 . 0 1  256 6 . 0 7 5  

0 . 003 369 5 . 5  80 

0 . 00 1  1 6  5 . 0 85  

1 602 

TABLE l 0 - 5 6  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUBBAS I N : 8 
FORMAT I ON :  Mowry , Car l i l e , Eag l e  

DEPTH ( FT . ) :  1 93 5  
PRESSURE ( PS I A ) : 83 5 
TEMPERATURE ( ° F ) : 93 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
RES ERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) ( BCF ) PRODUCT I V E 1 st W/C 2 n d  W/C 

2 1 93 . 795  1 688 0 . 45  0 . 30 0 . 90 

1 338 .489 1 020 0 . 4 5  0 . 2 5  0 . 90 

2 1 33 .696 1 545  0 . 45  0 . 20 0 . 90 
·-

1 82 1 . 082 1 3 1 8  0 . 4 5  0 . 20  0 . 90 

2566 . 579 1 742 0 . 45  0 .  1 5  0 . 90 

1 07 .494 68 0 . 4 5  0 .  1 0  0 . 90 

1 0 1 6 1 . 739 1 



TAB L E  1 0 - 5 7  

W E L L  P R O D U C T I O N S U M M A R Y -- B A S E  C A S E  

N G P - W I L L I S T O N ,  M O W R Y  + C A R L I L E  + E A G L E  

G A S  P RO D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1 0 . 0 3 0 . 0 0 1  0 . 0 0 0 3  o . o 1  0 . 0 0 3  
Y E A R  

0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D ) 

1 2 3 6  1 9 7  1 4 4 1 0 8  6 0  3 5  

...... 
2 1 7 6 1 3 6 9 0  6 1 3 3  1 9  0 

I 
co 
...... 

5 1 3 6  9 5  6 0  4 0 2 0  1 1  

1 0 1 1 0  7 7  4 6 2 9  1 4  8 

1 5  9 3  6 8  4 0  2 5  1 3  6 

2 0  8 0  6 1  3 7  2 2  1 1  5 

3 0  6 3  5 2 3 2  1 9  9 4 

3 0 - Y E A R 
C U M M . 
P R OD . 3 0 6 3 2 3 0 2  1 4 4 5  9 2 9  4 7 6  2 5 9 

C M M C F ) 



TABLE  1 0-58  

W E L L  P R OD UC T I ON S U M M A R Y-- A D V A NC E D  C A S E  

N G P - W I L L I S T O N �  M O W R Y  + C A R L I L E  + E AG L E  

G A S  P R O D U C T IO N  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 3 3 6  3 0 2  2 9 6  2 5 4 1 1 3  1 1 5  

I-' 
0 2 2 5 0  2 1 0  

I 
2 1 7  1 6 9 7 0  6 9  

(X) 

1\.) 

5 1 8  7 1 4 8 1 5 2 1 1 3 4 3  4 1  

1 0 1 5 2 1 1 5  1 1 7 8 5  3 1  2 9 

1 5  1 3 2 1 0 0 1 0 1 7 3  2 6  2 4  

2 0  1 1 7  9 0  9 1  6 5  2 3  2 0  

3 0  9 7  7 7  7 7  5 4  1 9 1 7  

3 0-Y E A R  
C U M M . 
P R OD . 4 3 7 8  3 4 5 6 3 5 1 3  2 5 9 6  1 5 7 3 9 2 2  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 
(MD )  ALL GAS I MAX=4 l 

f--' 
0 . 3 1 . 32 1 1 . 32 1 I 
CXl 

w 

• 1 1 . 996 1 . 996 

. 03 3 . 338 3 . 338 

. 0 1  5 . 538 4 

. 003 9 . 9 1 8  4 

. 00 1 1 6 . 370 4 

TABLE 1 0 - 59 

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : Nort hern Great P l a i n s-W i I I i ston 
SUB-BAS I N :  8 
FORMAT I ON :  Mowry + Car l i l e + Eag l e  

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS I MAX= 1 2 l  

1 688 . 92 4  . 924 

1 030 1 . 330 1 . 330 

1 545  1 . 374 1 . 374 

9 52 1 . 984 1 .  984 

702 3 . 00 1  3 . 00 1  

1 7  4 . 6 1 6  4 . 6 1 6  

5934 

CASE 
RECOV ERABLE 

GAS FROM 
ACTUAL WELLS 

< BCF ) 

1 688 

1 030 

1 54 5  

1 3 1 8  

1 742 

68 

739 1 



1-' 

0 

I 
00 

""' 

TABLE 1 0 -60 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Case I 1 000 Ft . Fract u r e ]  

BAS I N : Nort hern Great P l a i ns-W i I I  i ston 
SUB-BAS I N : 8 
FORMAT I ON :  Mowry + Ca r l i l e + Eag l e  

- Ad vanced Ca se 1 2000/4000 Ft . Fracture ] 

S u r face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of Cost to 

W .  I .  Ga s Revenue 

7 5 , 000 

62 , 000 

84 , 000 - 1 6 1 , 000 
1 06 , 000 - 606 , 000 

1 0 3 , 000 

7 , 200 

. 05 1 8  



f-' 
0 

I 
co 
Vl 

BAS I N  Northern G rea t P l a i n s -w i  1 1  i s  ton 

SUB BAS I N  R 

GAS PR I C E  
CASE NO . VMC F  

D i scoun t R a t e  l �k 
12081 1 1  ! .  so 

2 1  2 . SO 
3 1  3 .  I 0 
4 1  3 . SO 
5 1  s . oo 
6 1  7 . 00 
7 1  9 .  00 
8 1  1 2 . 00 

D i scoun t Rate l �k 
1 2  I .  so 
22 2 . 50 
32 3 . 10  
42 3 . 50 
52 s . oo 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scoun t  Ra te 20% 
1 3  1 . 50 
23 2 . 50 
33 3 .  I 0 
43 3 . 50 
53 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : A B 
0 3 0 . 

PROF I T .  K -LEVELS 
PROS P . ON STREAM 
__ %_ NO.  VALUE '' 

3 3 . 2  4 ABCD 
3 3 . 2  4 ABCD 
42 . 4  s ABCDE 
42 . 4  s ABCDE 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 

, 
26 . 4  3 ABC 
3 3 . 2  4 ABCD 
42 . 4  5 ABC DE 
42 . 4  5 ABC DE 
42 . 4  s ABCDE 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 

26 . 4 3 ABC 
3 3 . 2  4 ABCD 
3 3 . 2 4 ABCD 
3 3 . 2  4 ABCD 
42 . 4 s ABC DE 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 
42 . 8  6 ABCDEF 

C D E F 
0 . 03 0 . 0 1  0 003 0 00 1  

TABL E  

ECONOM I C S  

FORMAT I ON - Mowr:t1Ca r l  i l e1 Eagl e 

AVERAGE PER PROSPECT 
E & P GAS NET PRE S . DCF  RATE 
I NVEST . PROD . VALUE OF RETURN 
....w._ .J!f£_ �M % 

1 7S7 7 . 304 342 I S .  I 
1 7S7 7 . 3 04 1 227 26 . 8  
2263 8 . 203 1 79S 3 1 . 1 
2263 8 . 203 2 1 88 3 5 . 2 
2285 8 . 224 36S9 48 . 5  
2285 8 . 224 S624 6 3 . S 
228S 8 .  224 7S90 76 . 0  
228S 8 . 224 l OS3 9  9 1 . 9  

1 398 5 . 997 2S I S . 6  
1 7S 7 7 . 3 04 6 1 3  26 . 8  
2263 8 . 203 965 3 1 . 1  
2263 8 . 203 1 233 35 . 2  
2263 8 . 203 2239 48 . 6  
2285 8 . 224 358 1  63 . S 
228S 8 .  224 492S 76 . 0  
228S 8 . 224 6941 9 1 . 9  

1 398 5 . 997 - 143 1 S . 6  
1 7S7 7 . 304 270 26 . 8  
1 7S7  7 . 304 536 3 3 . 0  
1 7S7 7 . 304 7 1 4  36 . 8  
2263 8 . 203 1 440 48 . 6  
228S 8 . 224 2426 63 . 5  
228S 8 . 224 341 4 76 . 0  
228S 8 . 224 4897 9 1 . 9  

l 0 -6 1  

SUMMARY 
TECHNOLOGY Base Case  

DATE J une 1 980 

BAS I N  TOTALS WELLS 
MAX NO . Il l  LDCAT 

GAS RECOVER . MAX RECOV . PROS P .  SUCCESS Ill  LDCAT DEVELOPMENT 
AT PR I C E,&CF G I P  BCF  AT  PR I CE % Q!lY. PROD . DRY PROD . TOTAL 

S2 1 S  SS80 7 1 S  1 7 . 6  1 1 1 2 2 38 630 2S l 8  4498 
" " " 

1 7 . 6  
" , .  " " " 

S9 1 7  7323 722 22 . 4  I OS7 3D6 882 3S26 S773 " " " 
22 . 4  

" " " " I I  

S933 739 1 I I  
2 2 . 6  l OSS 3 1 0  893 3S69 5825 

I I  I I  I I  
22 . 6  

I I  I I  I I  
22 . 6 

I I  " " 
22 . 6  

4264 4264 71 1 1 3 . 9  ! I SS 1 87 448 1 79 1  3S82 
S2 1 S SS80 7 1 5  1 7 . 6  1 1 1 2  238 630 2 5 1 €  4498 
5 9 1 7  7323 722 22 . 4  I OS7 306 882 3526 S773 

I I  " " 2 2 . 4  I I  " " I I  I I  

" I I  I I  2 2 . 4  
S933  739 1 I I  2 2 . 6  l OSS 3 1 0  893 3S6� S82S " I I  " 22 . 6  

I I  " I I  22 . 6  

0 0 0 1 3 . 9  0 0 0 (' 0 
52 1 5  SS80 7 1 S  1 7 . 6  1 1 1 2 2 38 630 2 5 1 8  4498 

I I  I I  I I  
1 7 . 6  

I I  I I  I I  
1 7 . 6  

591 7 7323 722 22 . 4 1 057 30€- 882 3506 S773 
S933 7391 I I  22 . 6 l OSS 3 1 0  893 3569 S82S 

I I  I I  " 
22 . 6 

I I  I I  I I  22 . 6  



TABLE  

ECONOM I C S  
BAS I N  Nor thern Grea t P l a i ns-Wi l l i s ton 

SUB BAS I N  8 FORMAT I ON Mowr�, Ca r l i l e, Eagl e 

AVERAGE PER PROSPECT 
PROF I T .  K -LEVELS E & p GAS NET PRE S .  DCF  RATE 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN 
CASE NO . VMCF __ %_ NO . VALUE * ....i!:L._ ...lli__ �M % 

D i scoun t Ra t e  l iflo 
1 2082 l l  l .  so 33 . 2  4 ABCO 1 999 7 . 434 307 1 3 . 8 

2 1  2 . 50 3 3 . 2  4 ABCD 1 999 7 . 434 1 2 39 24 . 3 
3 I 3 . 1 0  3 3 . 2  4 ABCD 1 999 7 . 434 1 799 29 . 9 
4 1  3 . 50 42 . 4  5 ABCOE 2907 8 . 840 2294 3 1 . 5  
5 1  5 . 00 42 . 8  6 ABC DEF 2970 8 . 906 3937 44 . 4 
6 1  7 . 00 42 . 8  6 ABCDEF 2970 8 . 906 6 1 2 1  59 . 5  
7 1  9 . 00 42 . 8 6 ABCOEF 2970 8 . 906 8305 72 . 6 
8 1  1 2 . 00 42 . 8  6 ABCDEF 2970 8 . 906 1 1 582 89 . 5  

I-' D i scoun t  Rate I �£ 
0 1 2  l .  50 26 . 4  3 ABC 1 603  5 . 997 - 1 04 1 2 . 9  

I 22 2 . 50 3 3 . 2  4 ABCD 1 999 7 . 434 576 24 . 3  
(X) 3 2  3 .  10  3 3 . 2  4 ABC D 1 999 7 . 434 96 1 29 . 9  0'\ 42 3 . 50 3 3 . 2  4 ABCD 1 999 7 . 434 1 2 1 7  3 3 . 4  

52 s.  00 42 . 8  6 ABCDEF 2970 8 . 906 2 365 44 . 4  
6 2  7 . 00 42 . 8  6 ABCDEF 2970 8 . 906 3869 59 . 5  
72 9 . 00 42 . 8  6 ABCDEF 2970 8 . 906 5374 72 . 6  
8 2  1 2 . 00 42 . 8  6 ABCDEF 2970 8 . 906 7630 89 . 5  

D i scoun t Ra te 20% 
1 3  1 .  so 26 . 4  3 ABC 1 603  5 . 997 -279 1 2 . 9  
23 2 . 50 3 3 . 2  4 ABCD 1 999 7 . 434 204 24 . 3  
33  3 . 1 0  33 . 2  4 ABCD 1 999 7 . 434 489 29 . 9 
43 3 . 50 33 . 2  4 ABCD 1 999 7 . 434 678 33 . 4  
53 s . oo 3 3 . 2  4 ABCD 1 999 7 . 434 1 390 4 5 . 4  
6 3  7 . 00 42 . 8  6 ABCOEF 2970 8 . 906 2598 59 . 5  
7 3 9 . 00 42 . 8  6 ABCDEF 2970 8 . 906 3 7 1 2  72 . 6  
83 1 2 . 00 4 2 . 8  6 ABCDEF 2970 8 . 906 5382 89 . 5  

* CODE : A B C D E F 
0 . 3  0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 001  

1 0-62 

SUMMARY 
TECHNOLOGY 

DATE 

BAS I N  TOTA LS 
MAX NO . 

GAS RECOVER . MAX RECOV . PROSP . 
AT PR I C E  8CF G I P  BCF  AT  PR I CE 

5580 5580 7 5 1  
" " " 
" " " 

7323  7323  828 
739 1  739 1  830  

" " " 
" " " 
" " " 

0 0 0 
5580 5580 7 5 1  

" " " 
" " " 

739 1  739 1  830 
" " " 
" " " 
" " " 

0 0 0 
5580 5580 7 5 1  

" " " 
" " " 
" " " 

739 1  739 1  8 30 
" " " 
" " " 

Advanced Case 

Ju!lJl .l.Sll.ll. 

W I LDCAT 
SUCCESS  

% 

1 7 . 6  
1 7 . 6  
1 7 . 6  
2 2 . 4  
2 2 . 6  
22 . 6  
22 . 6  
22 . 6 

1 3 . 9  
1 7 . 6 
1 7 . 6  
1 7 . 6 
2 2 . 6  
2 2 . 6  
2 2 . 6  
2 2 . 6  

1 3 . 9 
1 7 . 6 
1 7 . 6 
1 7 . 6  
1 7 . 6 
22 .6  
2 2 . 6  
2 2 . 6  

W I LDCAT 
Q!!! �· 

1 1 68 248 

1 2 1 3  3 5 1  
" 355 

0 n 
1 1 68 241l 

1 2 1 3  355 
" " 

0 0 
1 1 68 248 

" " 

1 2 1 3  355 
" " 

WELLS 

DEVELOPMENT 
DRY PROD . TOTAL 

329 1 3 1 6  3064 

574 2293 4432 
589 2354 451 1 

0 ) 0 
329 1 3 1 1)  3064 

589 2354 4 5 1 1 
" " " 

0 ) 0 
329 1 3 1 s 3064 

" ' " 

589 2354 4 5 1 1 
" , ,  " 



1--' 
0 
I 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 2 0 , 000 
TYPE : B l a n ket 

NGU BB L/MMC F ) : o .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
( MD ) ( S ECT I ONS ) ( % )  ( FT . ) 

00 
-....J 0 . 3 233 1 0 . 4 42 

0 . 1 296 9 . 0 5 5  

0 . 03 529 7 . 4 7 1  

0 . 0 1  529 6 . 0 90 

0 . 003 507 5 . 5 1 1 1  

0 . 00 1 2 1  5 . 0  1 25 

2 1 1 5  

TAB LE 1 0- 6 3  

GEO LOG I CAL DATA SUMMARY 

BAS I N : Nort her n Great P l a i n s-W i I I i ston 
S U BBAS I N : 9 
FORMAT I ON :  Mow r y ,  Ca r l i l e , E a g l e ,  

J u d i t h R i ve r  

DEPTH ( FT . ) :  1 80 0  
PRE S S URE ( PS I A ) : 7 7 5  
T EMPERATURE ( ° F ) : 9 1  

FOR E ACH DR I L L I NG LOCAT I ON W/C : 
E S T I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECO VERABLE THAT STAT E OF PRODUCT I V E ,  G I V E N  THAT 
R E S ERVO I R  COND . GAS NATURE I S  S TATE OF NATURE I S  PROD 

( BC F ) ( BC F )  PRODUCT I V E 1 st W/C 2 n d  W/C 

1 490 . 68 7  1 1 46 0 . 40 0 . 30 0 . 90 

2 1 46 . 089 1 6 50 0 . 4 0  0 . 2 5  0 . 90 

4 0 7 0 . 9 1 9  2946 0 . 4 0  0 . 20 0 . 90 

4 1 84 . 07 3  3027 0 . 4 0  0 . 2 0  0 . 90 

4 533 . 594 307 5 0 . 4 0  0 .  1 5  0 . 90 

1 92 . 242 1 22 0 . 4 0  0 .  1 0  0 . 90 

1 6 6 1 8 .  1 1 966 



TABLE  1 0- 64 

W E L L  P R O D UC T I ON S U MM A R Y--B A S E  C AS E 

� G P - W I L L I S T O N ,  M OW R Y  + C A R L I L E  + E A G L E + J UD I T H  R I V E R  

G A S  P R O D UC T I O N  C M MC F / Y E A R / WE L L )  

K • 0 . 3 0 . 1 0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MO )  
Y E A R 

1 2 7 4 2 2 9  1 5 9  1 1 5 7 5  4 7  

...... 
0 2 2 0 4  1 5 8  9 9  6 6  4 1  2 5  I 
00 

00 

5 1 5 8 1 1 1  6 7  4 2  2 5  1 5  

1 0  1 2 9  9 0  5 1  3 2  1 8 1 0  

1 5  1 0 8  7 9  4 5  2 7  1 6  8 

2 0  9 5  7 2  4 1  2 4  1 4  7 

3 0  7 4  6 0  3 6  2 1  1 1  6 

3 0 - Y E A R 
C U M I" . 
P R O D . 3 5 8 4  2 6 8 0  

( M M C F ) 
1 6 0 0  9 9 5  5 8 8  3 4 2  



TAB L E  1 0-65 

W E L L  P R O D UC T I ON S U M M A R Y-- A D V A N C E D  C A S E  

N G P - W I L L I S T O N ,  M O W R Y  + C A R L I L E  + E A G L E  + J UD I T H  R I V E R  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1 
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ' "0 )  

1 3 9 0  3 5 0 3 2 7  2 7 1  2 2 3  1 5 1  

f--' 
0 2 2 9 1  2 4 4  2 4 0 1 8 1 1 4 0 9 0  
I 

co 
1.0 

5 2 1 8 1 7 2 1 6 8  1 2 1  8 6  5 5  

1 0  1 7 7  1 3 4 1 3 0 9 1  6 2  3 8  

1 5  1 5 3  1 1 6  1 1 2  7 8  5 2  3 1  

2 0  1 3 8  1 0 4  1 0 1  6 9  4 6  2 7  

3 0  1 1 4  9 0  8 6  5 8  3 8  2 2  

3 0 - Y E A R 
C U M � . 
P R O D . 5 1 1 1  4 0 2 5  3 8 9 4  2 7 7 5  1 9 5 0  1 2 1 2  

( f"I M C F ) 



TABLE 1 0-66 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Nort hern Great P I  a i ns-W i I I i ston  
SUB-BAS I N :  9 
FORMAT I ON :  Mowry + Ca r l i l e + Eag l e + J u d i th R i ver 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQO . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS ! MAX=4 1 ( BCF ) ALL GAS ! MAX= I 2 1  ( BCF ) ....... 

0 

I 
"' 
0 . 3  1 . 372 1 . 372 1 1 46 . 962 . 962 1 1 46 

• 1 2 . 079 2 . 079 1 650 1 . 385 1 . 385  1 650 

. 03 3 . 478  3 . 47 8  294 6 1 . 430 1 . 430 2946 

. 0 1  5 . 7 52 4 2 1 04 2 . 062 2 . 062 3027 

. 003 1 0 . 29 9  4 1 1 93 3 .  1 1 1  3 .  1 1 1  307 5  

. 00 1  1 6 . 948 4 29 4 . 7 82 4 . 782 1 22 

9068 1 1 966 



r-' 
0 
I 

1.0 
r-' 

TABLE 1 0-67  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N :  Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  9 
FORMAT I ON :  Mowry + Ca r l i l e + Eag l e + J u d i th R i ver 

Geo l og y  a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ] 
Ad vanced Case [ 2000/4000 Ft . Fracture ] 

Sur face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Revenue  

7 5 , 000 

58, 000 

84 , 000 - 284 , 000 
1 06 , 000 - 1 , 034 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



f-' 
0 

I 
1.0 
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TABL E  1 0-68 

ECONOM I CS SUHHARY 
BAS I N  Northern G rea t P l a i ns -w i l l i s ton 

�UB BAS I N  9 FORMAT I ON Mowry , Ca r l i l e , Eag l e , Jud i th R i ver 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T . K -LEVELS E & P GAS NET PRE S . ilCF RATE 

GAS PR I CE PROSP . ON STREAM . I NVEST . PROD . VALUE OF RETURN GAS RECOVER . HA,X RE(:OV . 
CASE NO .  VMCF __ %_ NO . VALUE '� ...i!i_ � �H % AT PR I CE,8CF G I P  BCF 

D i scoun t Ra te l �k 
1 209 1 1 1  1 .  so 30. 7 4 ABCD 

2 1  2 . 50 30 . 7 4 ABCD 
3 1  3 .  1 0  39 . 2  5 ABC DE 
41 3 . 50 39. 2 5 ABC DE 
5 1  5 . 00 39 . 2  5 ABC DE 
6 1  7 . 00 39 . 6  6 ABCDEF 
71 9 . 00 39 . 6  6 ABCDEF 
8 1  1 2 . 00 39 . 6  6 ABCDEF 

D i scount Rate l �k 
1 2  I .  so 20. 3 3 ABC 
22 2. so 30 . 7  4 ABCD 
32 3 . 1 0  30 . 7 4 �BCD 
42 3 . 50 39. 2 5 ABC DE 
52 s . oo 39 . 2 5 ABC DE 
62 7 . 00 39 . 6  6 ABCDEF 
72 9 .  00 39 . 6 6 ABCDEF 
82 1 2 . 00 3 9 . 6  6 ABCDEF 

D i scount Rate 20% 
1 3  1 .  50 20. 3 3 ABC 
23 2 . 50 30 . 7 4 ABCD 
33 3 .  10  30 . 7 4 ABCD 
43 3 . 50  30 . 7  4 ABCD 
53 s . oo 39 . 2 5 ABC DE 
63 7 . 00 39 . 2  5 ABC DE 
73 9 . 00 39 . 6  6 ABCDEF 
83 1 2 . 00 39 . 6  6 ABCDEF 

1; COD E :  A 
0 .  

B C D E F 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 001  

1 895 6 . 378 78 1 1 .  I 784 3 8764 
1 895 6 .  378 . 822 2 1 . 2  " " 
241 7  7 .  272 1 3 1 0  25 . 3  9038 1 1 842 
241 7 7 .  272 1 645 28 .9  " " 
24 1 7  7 . 272 290 1 4 1 . 1  " " 
2444 7 . 296 4582 54 .8  9067 1 1 966 
2444 7 . 296 6262 6(> . 5  " , ; 
2444 7 . 296 8782 8 1 . 5 " " 

1 295 4. 300 - 1 54 1 1 .  I 0 0 
1 895 6 . 3 78 323 2 1 . 2  ]843 8764 
1 895 6 . 3 78 628 28 .6  " " 
241 7  7. 272 849 28 . 9  9b38 1 1 842 
24 1 7  7 .  272 1 708 4 1 . 1  " " 
2444 7 . 296 2856 54. 8 9067 1 1 966 
2444 7 . 296 4005 66 . 5  " " 
2444 7 . 296 5 728 8 1 . 5 " " 

1 295 4. 300 -273 1 1 .  1 0 0 
1 895 6 . 378 48 2 1 . 2  784 3  8764 
1 895 6 . 378 272 26 . 6  " " 
1 895 6 . 378 422 30 . 0  " " 
241 7  7 .  272 1 045 4 1 . 1  9038 1 1 842 
24 1 7  7 . 272 1 889 54. 9  

" " 
2444 7 . 296 2736 66 . 5  9067 1 1 966 
2444 7."296 4006 .8 1 . 5  " " 

TECHNOLOGY 

DATE 

HAX N O .  
PROS P .  

A T  PR I CE 

1 230 
" 

1 24 3  
" 
" 

1 24 3  
" 
" 

0 
1 230 

" 

1 24 3  
" 

1 24 3  
" 
" 

0 
1 2 30 

" 
" 

1 24 3  
" 
" 
" 

Base Case 

June 1 �  

W I LDCAT 
SUCCESS W I LDCAT 

% � PROD . 

1 6 . 2  1 950 377 
1 6 . 2  " " 
20 . 7  1 864 487 
20 . 7  
20 . 7 
20 . 9  1 859 492 
20 . 9  " " 
20 . 9  

1 0 . 7  0 0 
1 6 . 2  1 950 377 
1 6 . 2 " " 

20 . 7  1 864 487 
20 . 7  " " 
20 . 9  1 859 492 
20 . 9  " " 
20 .9  

1 0 . 7  0 0 
1 6 . 2  1 'l50 377 
1 6 . 2  " " 
1 6 . 2  " " 
20 . 7  1 864 487 
20 . 7  

" " 

20 . 9  1 859 492 
20 . 9  

WELLS 

DEVELOPMENT 
� PROD . TOTAL 

992 3971 7292 
" " " 

1 34 1  5364 9056 

1 357 5426 9 1 35 
" " " 

0 0 0 
992 3971 7292 

" " " 
1 34 1  5364 9056 

" " " 
1 357 5426 9 1 35 

" " " 

0 0 0 
992 3971 7292 

" " " 
" " " 

1 34 1  5364 9056 
" . .  " 

1 357 5426 9 1 35 



TABL E  1 0-69 
ECONOM I C S  SUMMARY 

BAS I N  �cctb�ro Gc�at �Jaio�-Wil I istao 
SUB BAS I N  9 FORMAT I ON !lQil!C� �acl i 1�: Eagle Judi tb Bi�er 

AVERAGE PER PROS PECT BAS I N  TOTAlS 
PROF I T . K -lEVHS E & P GAS NET PRES . DCF RATE 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VAlUE OF RETURN GAS RECOVER • MAX RECOV .  
CASE NO . VMC F  __ %_ NO . VAlUE t; _lli_ � �M % AT PR I C E.  IICF  G I P  BCF  

D i scoun t Rate  1 �1. 
1 2092 I I  I . 50 30 . 7  4 ABCD 2630 6 . 644 - 1 1 2  8 . 8 -

2 1  2 . 50 39 . 2  5 ABC DE 3728 8 . 5 1 4  896 1 7 . 3  1 1 84 2  1 1 842 
3 1  3 . 1 0  39 . 2  5 ABC DE 3728 8 . 5 1 4  1 554 22 . 5  " " 
4 1  3 . 50 39 . 2 5 ABC DE 3728 8 . 5 1 4  1 993 2 5 . 8  " " 
5 1  5 . 00 39 . 6  6 ABCDEF 3824 8 . 597 3656 3 7 . 4  1 1 966 1 1 966 
6 1  7 . 00 3 9 . 6  6 ABCOEF 3824 8 . 597 5874 5 1 . 5  " " 
7 1  9 . 00 3 9 . 6  6 ABCDEF  3824 8 . 597 8092 63 . 8  " " 
8 1  1 2 . 00 3 9 . 6  6 ABCDEF 3824 8 . 597 1 1 4 1 9  63 . 8  " " 

...... D i scoun t Rate 1�1. 
0 1 2  1 .  50 20 . 3 3 ABC 1 874 4 . 299 -462 6 . 8  0 0 

I 22 2 . 50 30 . 7 4 ABCD 2630 6 . 644 164  1 7 . 2  8764 8764 
1.0 3 2  3 . 1 0  39 . 2 5 ABC DE  3 7 2 8  8 . 5 1 4  659 22 . 5  1 1 842 1 1 842 
w 42 3 . 50 39 . 2  5 ABC DE 3728 8 . 5 1 4  964 2 5 . 8  " " 

52 5 . 00 39 . 2  5 ABC DE 3728 8 . 5 1 4  2 1 04 3 7 . 6  " " 

62 7 . 00 39 . �  6 ABCDEF 3824 8 . 597 3647 5 1 . 5  1 1 966 1 J q�6 
72 9 . 00 39 . 6  6 ABCDEF 3824 8 . 597 5 1 84 63 . 8  " " 
82 1 2 . 00 39 . 6 6 ABCDEF 3824 � . 597 7490 80 . 1  " " 

D i scoun t Rate 20% 
1 3  1 .  50 20 . 3  3 ABC 1 874 4 . 299 - 584 6 . 8  0 0 
23 2 . 50 30 . 7  4 ABCD 2630 6 . 644 - 1 55 1 7 . 2  

" " 
33  3 . 1 0  30 . 7  4 ABCD 2630 6 . 644 1 08 2 1 . 8  8764 8764 
43 3 . 50 30 . 7  4 ABCD 2630 6 . 644 283 24 . 8  " " 

53 5 . 00 39 . 2 5 ABC DE 3728 8 . 5 1 4  1 24 1  37 . 6 1 1 842 1 1 842 
6 3  7 . 00 39 . 6  6 ABCDEF 3824 8 . 597 2 384 5 1 . 5  1 1 96/; 1 1  q66 
73 9 . 00 3 9 . 6  6 ABCDEF 3824 8 . 597 3526 6 3 . 8 " " 

83 1 2 . 00 39 . 6  6 ABCDEF 3824 8 . 597 5240 80 . 1 " " 

* CODE : A B C 0 E F 
0 . 3 0 . 1 0 . 03  0 . 0 1  0 . 003 0 . 00 1  

TECHNOlOGY Advanced Case 

DATE 

MAX. NO .  

June lSiiO. 

W l lDCAT 
PROSP :  SUCCESS W l lDCAT 

AT PR I CE % DRY PROD . 

1 6 . 2  
1 39 1  20 . 7  2086 545 

" 20 . 7  " " 
" 20 . 7 

1 392 20 . 9 2083 5 5 1  
" 20 . 9  
" 20 . 9  
" 20 . 9 

0 1 0 . 7  0 0 
1 3 1 9  1 6 . 2 2091  405 
1 3'l l  20 . 7  2086 545 

" 20 . 7  " 20 . 7  
1 392 20 . 9 2083 55 1 

" 20 . 9 
" 20 . 9  

0 1 0 . 7 0 0 o f 
1 6 . 2  

" " 
1 3 1 9  1 6 . 2 2091  405 

" 
1 6 . 2  

" " 
1 39 1  20 . 7  2086 545 
1 392 20 . 9  2088 5 5 1  

" 
" 20 . 9  

20 . 9  

WEllS 

DEVE lOPMENT 
DRY PROD . TOTAl 

S!>O 3400 688 1 
" , ,  

873 3492 6999 

0 0 0 
520 2078 5094 
850 3400 688 1 

8 73 3492 699q 

0 0 0 
" ... " 

520 2078 5094 
" " " 

850 3400 6881 
873 3492 6999 



1-' 
0 
I 

\0 
� 

TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : 0 .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
< MD )  ( S ECT I ONS ) < % > ( FT . ) 

0 .3 1 44 1 0 . 4 50 

0 . 1  1 78 9 . 0 67 

0 . 03 1 9 1  7 . 4 83 

0 . 0 1  1 5 7 6 . 0 1 00 

0 . 003 1 9 1  5 . 5  1 20 

0 . 00 1 9 5 . 0 1 40 

870 

TABLE 1 0 - 70 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Northern Great P l a i ns-W i I I i ston 
SUBBAS I N :  1 0  
FORMAT I ON :  Mowry ,  Greenhorn , Car l i l e , 

Eag l e , J ud i th R i ver 

DEPTH ( FT . ) :  1 900 
PRESSURE ( PS I A ) : 820 
TEMPERATURE ( ° F ) : 92 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BC F )  ( BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

1 1 60 . 78 893 0 . 45  0 . 30 0 . 90 

1 663 . 89 1 280 0 . 4 5  0 . 25 0 . 90 

1 8 1 8 . 57 1 3 1 6  0 . 45  0 . 20 . 0 . 90 

1 46 0 . 29 1 057  0 . 4 5  0 .20  0 .90 

1 9 54 . 1 8 1 326 0 .45  0 .  1 5  0 . 90 

9 7 . 66 62 0 . 4 5  0 .  1 0  0 . 90 

8 1 5 5 .  5934 



K • 0 . 3 
Y E A R 

1 3 5 8  

...... 2 2 6 7  
0 
I 

1.0 
lJ1 

5 2 0 7  

1 0  1 6 8 

1 5  1 4 2 

2 0  1 2 3  

3 0  9 6  

3 0 - Y E A R 
C U M P'I . 
P R O D . 4 6 5 9  

( M MC F ) 

TAB L E  1 0- 7 1  

W E L L  P R O D UC T I ON S U M M A R Y-- B A S E  C AS E  

N G P -W I L L I S TO N , MOW R Y  + G R E E N HO R N  + C A R L I L E  + E A G L E  + J U D I T H R I V E R 

o . 1  0 . 0 3 

3 0 5  2 0 4  

2 1 1 1 2 7  

1 4 8  8 6  

1 2 0  6 5  

1 0 6  5 7  

9 6  5 2  

8 1  4 6  

3 5 7 5  2 0 4 !1 

G A S P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

1 4 0 8 8  5 7  

8 0  49 3 1  

5 2  2 9  1 8  

3 8  2 1  1 3  

3 2  1 9  1 0  

2 9  1 6  9 

2 5  1 4  7 

1 2 0 7  6 9 5  4 1 6  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 ( MD )  



TABL E  l 0-72  

W E L L  P R OD UC T I ON S U M M A R Y--A D V A N C E D  C A S E  

N G P - W I L L I S T O N , M O w R Y  + G R E E N HO R N  + C A R L I L E + E A G L E  + J � D I TH R I V E R  

G A S  P R O D U C T I O N  ( M MC F / YE A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  O . O O Q 0 3  0 . 0 0 0 0 1  C H D )  
Y E A R  

1 5 1 0 4 6 8  4 1 9  3 3 0  � 6 4  1 8 5 

I-' 2 3 8 1  3 2 6 3 0 7 2 2 0 l b 5  1 1 0 
0 

I 
1..0 

0"1 

5 2 8 5  2 2 9 2 1 6 1 4 6 1 0 2  6 7  

1 0  2 3 1  1 7 9  1 6 5  1 1 1  7 3  4 6  

1 5  2 0 0  1 5 5  1 4 4 9 5  6 1  3 8  

2 0  1 8 0 1 4 0 1 3 0 8 4  5 4  3 3  

3 0  1 4 8  1 2 0  1 1 0  7 1  4 5  2 7  

3 0 - Y E A R  
C U M M . 
P R O D ) 6 5 0 9  _? 3 6 5  

( M M C F 
4 9 79 3 3 7 0 2 2 9 9  1 4 7 9 



TABLE 1 0- 7 3  

PROGUCT I ON WE LL  REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 0  
FORMAT I ON :  Mowry + Greenhorn + Ca r l i l e + Eag l e + J u d i th R i ver 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER o r=  NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( M) )  ALL GAS [ MAX=4 1 ( BCF ) AL-L GAS [ MAX= 1 2 1  < BC F ) 

f-' 0 I . 3  2 . 292 2 . 292 893 . 952 . 952 893 1.0 

-....] 

• 1 3 . 574 3 . 574 1 280 1 � 340 1 . 340 1 280 

. 03 6 . 483 4 8 1 2  1 . 384 1 . 384 1 3 1 6  

• 0 1  1 0 . 372 4 407 1 . 997 1 . 997 1 05 7  

. 003 1 8 . 9 1 6  4 280 3 . 020 3 . 020 1 326 

. 00 1  28 . 753 4 9 4 . 643 4 . 643 62 

368 1 5934 



...... 
0 

I 
1.0 
00 

TABLE 1 0-74  

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Northern Great P l a i ns-W i I I i st i on 
SUB-BAS I N : 1 0  
FORMAT I ON :  Mowry + Green horn + Car l i l e + Eag l e + J ud i th R i ver 

Geo l ogy and Geop hys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ) 
Advanced Case [ 2000/4000 Ft . Fract u r e )  

Su rface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Gas Revenue  

7 5 , 000 

6 1 , 000 

84 , 000 - 33 1 , 000 
1 06 , 000 - 1 , 1 50 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



TABL E  1 0-75  

ECONOM I CS SUMMARY 
BAS I N  Northern G reat P l a i n s -w i l l i s ton TECHNOLOGY Base Case 
SUH BAS I N  1 0 FORMAT I ON Howry , G reenhorn , Ca r l i l e , E a�l e , Jud i th R i v�r DATE 1 0.'79 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS • 

PROF I T . K -LEVELS E & P GAS NET PRE S . DCF RATE MAX NO .  W I LDCAT 
GAS PR I CE PROS P .  ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 

CASE NO . VHCF __ %_ NO .  VALUE '' ...itL_ � �M % AT PR I CE,IICF G I P  BCF AT PR I CE % � PROD . DRY PROD . TOTAL 

D i scoun t Ra te  1 �/o 
1 2 1 0 1 1 1  I .  50 34. 0 4 ABCD 1 379 5 .  723 227 1 3 . 9  3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  

2 1  2 . 50  34. 0 4 ABCD 1 3 79 5 .  723 909 24. 2 3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  
3 1  3 .  1 0  42 . 4  5 ABC D E  1 65 5  6 .  269 1 362 29 . 1  3672 5872 586 2 2 . 4  858 248 3 1 3  1 252  2672 
41 3 . 50 42 . 4  5 ABC DE 1 655 6 .  269 1658 3 2 . 8  3672 5872 586 22 . 4  858 248 3 1 3  1 252 2672 
5 1  5 . 00 42 . 8  6 ABCDEF 1 668 6 . 282 2769 44 . 9  3681  5934 586 2 2 . 6  856 25 1 3 16 1 265 2688 
6 1  7. 00 42 . 8  6 ABCDEF 1 668 6 . 282 4250 58. 8  368 1 5934 586 22 . 6  856 25 1 3 1 6 1 265 2688 
71 9 . 00 42 . 8  6 ABCDEF 1 668 6 . 282 5733 70 . 7  3681  5934 586 22 . 6  856 25 1 3 1 6  1 265 2688 
8 1  1 2 . 00 42 . 8  6 ABCDEF 1 668 6 . 282 7956 86 . 0 368 1 5934 586 2 2 . 6  856 25 1 3 1 6  1 265 2688 

1-' D i scount Rate I� 
0 1 2  I .  50 25 . 4  3 ABC 1 1 7 1  4 . 856 -so 1 3 . 7  - - - 1 3 . 4  I 22 2 . 50 34. 0 4 ABCD 1 379 s. 723 425 24. 2  3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  1.0 32 3 . 10  34. 0 4 ABCD 1 3 79 5 .  723 708 29 . 7  3392 4546 593 1 7 . 9 9 1 9  202 240 958 23 1 7  1.0 42 3 . 50 42 . 4  5 ABC DE  1 655 6 .  269 923 3 2 . 8  3672 5872 586 22 . 4 858 248 3 1 3  1 252 2672 

52  5 . 00 42 . 4  5 ABC DE 1 655 6 . 269  1 690 45 . 0  3672 5872 586 22 . 4  858 248 3 1 3  1 252  2672 
6 2  7. 00 42 . 8  6 ABCDEF 1 668 6 . 282 2 7 1 5  58 . 8  3681  5934 586 22 . 6  856 25 1 3 1 6 1 265 2688 
72 9 . 00 42 . 8  6 ABCDEF 1 668 6 . 282 3739 70 . 7  368 1 5934 586 22 . 6  856 25 1 3 16 1 265 2688 
82 1 2 . 00 42 . 8  6 ABCDEF 1 668 6 . 282 5 2 76 86 . 0  368 1 5934 586 22 . 6  856 25 1 3 1 6  1 265 2688 

D i scoun t  Ra te 2�/. 
1 3  I .  50 25 . 4  3 ABC 1 1 7 1  4 . 856 - 1 9 1  1 3 . 7  - - - 1 3 . 4  
23 2 . 50 34. 0 4 ABCD 1 379 5 . 723 1 5 1  24. 2 3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  3 3  3 . 1 0  34. 0 4 ABCD 1 379 5 .  723 36 1 29 . 7  3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  43 3 . 50 34. 0 4 ABCD 1 3 79 5 .  723 502 3 3 . 2  3392 4546 593 1 7 . 9  9 1 9  202 240 958 23 1 7  53  5 . 00 42 . 4 5 ABC DE 1 655 6 . 269  1 080 45 . 0  3672 5872 586 2 2 . 4  858 248 3 1 3  1 252  2672 63 7 . 00 42 . 4 5 ABC DE 1 655 6 .  269 1 841 58 .8  3672 5872 586 22 . 4  858 248 3 1 3  1 252 2672 73 9 . 00 42 . 8 6 ABCDEF 1 668 6. 282 2604 70 . 7  3681  5934 586 22 . 6  856 25 1 3 16 1 265 2688 83 1 2 . 00 42 . 8 6 ABCDEF 1 668 6 . 282 3748 86 . 0  3681 5934 586 2 2 . 6  856 25 1 3 1 6  1 265  2688 

* COD E :  A B C D E F 
0 . 3  0 . I 0 . 03 0 0 1  0 003 0 . 00 1  



TAB L E  1 0-76 

ECONOM I CS SUMMARY 
BAS I N  Northern Gre�� Pl�io�-Wi)l i�tQn TECHNOLOGY Advanced Case 

SUB BAS I N  1 0 FORHAT I ON Howry,GreenhQro,��r)i )�,,agl� Judi�b RJ�'( DATE 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . DCF  RATE HAX NO .  W I LDCAT 

GAS PR I CE  PROSP . ON STREAH I NVEST . PROD . VALUE OF RETURN GAS RECOVER . HAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . �/HCF __ %_ NO . VALUE 1, __i!i_ .l.f[_ �H � AT PR I C E BCF G I P  BCF AT PR I CE :& !!BY. f.!l.QQ.. DRY PROD . TOTAL 

D i scoun t Rate  1 0% 
1 2 1 02 I I  I .  50 3 4 . 0  4 ABCD 2 4 1 0  7 . 039 79 1 0 . 8  4546 4546 646 1 8 . 0  1 00 1  220 1 86 743 2 1 50 

2 1  2 . 50 42 . 4  5 ABC DE 3566 9 . 1 04 1 2 1 2  20 . 3  5872 5872 645 22 . 4  945 273 3 1 9  1 274 28 1 1  
3 1  3 .  1 0  4 2 . 4  5 ABC DE 3566 9 . 1 04 1 93 1  26 . 1  5872 5872 645 22 . 4  945 273 3 1 9  1 274 28 1 1  
4 1  3 . 50 4 2 . 4  5 ABC DE 3566 9 . 1 04 24 1 1  29 . 9  5872 5872 645 2 2 . 4  945 273 3 1 9  1 274 2 8 1 1 
5 1  5 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 4230 42 . 9  5934 5934 646 2 2 . 6  944 276 328 1 309 2857 
6 1  7 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 6650 58 . 6  5934 5934 646 22 . 6  944 276 328 1 309 2857 
7 1  9 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 9069 72 . 5  5934 5934 646 22 . 6  944 276 328 1 309 2857 
8 1  1 2 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 1 2699 90 . 8  5934 5934 646 22 . 6 94� 276 328 1 309 2857 

f--' 
D i scoun t  Rate I� 0 

I 1 2  I .  50 2 5 . 4  3 ABC 1 895 5 . 24 1  - 3 3 1  9 . 3  - 1 3 . 4  - - -

f--' 22 2 . 50 34 . 0 4 ABCD 24 1 0  7 . 039 370 20 . 2  4546 4546 646 1 8 . 0  1 00 1  220 1 86 743 2 1 50 
0 32 3 . 1 0  4 2 . 4  5 ABC DE 3566 9 . 1 04 946 2 6 .  I 5872 5872 645 2 2 . 4  945 273 3 1 9  1 274 28 1 1 
0 42 3 . 50 4 2 . 4  5 ABC DE 3566 9 . 1 04 1 28 1  29 . 9  5872 5872 645 22 . 4  945 273 3 1 9  1 274 28 1 1  

52 5 . 00 4 2 . 4  5 ABC DE 3566 9 . 1 04 2536 4 3 .  I 5872 5872 645 22 . 4  945 273 3 1 9  1 274 28 \ I 
62 7 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 4237  58 . 6  5934 5934 646 2 2 . 6  944 2 76 328 1 309 2857 
72 9 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 5927 72 . 5  5934 5934 646 22 . 6  944 < 276 328 1 309 2857 
82 1 2 . 00 42 . 8 6 ABCDEF 3649 9 . 1 87 8463 90 . 8  5934 5934 646 22 . 6  944 276 328 1 309 2857 

D i scount  Rate 2�/o 
1 3  I .  50 2 5 . 4  3 ABC 1 895 5 . 24 1 -488 9 . 3  - - 1 3 . 4  
23 2 . 50 34 . 0  4 ABCD 24 1 0  7 . 039 1 3  20 . 2  4546 4546 646 1 8 . 0  1 00 1  220 1 86 743 2 1 50 
33  3 .  1 0  34 . 0  4 ABCD 24 1 0  7 . 03 9  303 2 5 . 4  4546 4546 646 1 8 . 0  I DO l  220 1 86 743 2 1 50 
43 3 . 50 34 . 0  4 ABCD 2 4 1 0  7 . 039 496 28 . 7  4546 4546 646 1 8 . 0  I DO l  220 1 86 743 2 1 50 
53 5 . 00 4 2 . 4  5 ABC DE 3566 9 . 1 04 1 586 4 3 .  I 5872 5872 645 22 . 4 945 273  3 1 9  1 2 74 2 8 1 1 
63  7 . 00 42 . 9 6 ABCDEF 3649 9 . 1 87 2855 58 . 6  5934 5934 646 2 2 . 6  944 276 328 1 309 2857 
73 9.  00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 4 1 20 72 . 5  5934 5934 646 22 . 6  944 276 328 1 309 2857 
83 1 2 . 00 4 2 . 8  6 ABCDEF 3649 9 . 1 87 60 1 8  90 . 8  5934 5934 646 22 . 6 944 276 328 1 309 2857 

* CODE :  A B C D E F 
0 . 3 0 . I 0 03 0 . 0 1  0 003 0 . 0 0 1  



1-' 
0 

I 

TOTAL BAS I N  AREA ( S ECT I ONS ) :  1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : O . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD )  ( SECT I ONS ) < % )  ( FT . )  

1-' 
0 0 .3 1 5 1  1 0 .4 27 
1-' 

0 . 1 226 9 . 0 3 5  

0 . 03 339 7 .4 40 

0 . 0 1  276 6 . 0 50 

0 . 003 2 5 1  5 . 5 59 

0 . 00 1 1 3  5 . 0  7 5  

1 256 

TABLE 1 0- 7 7  

GEOLOG I CAL DATA S UMMARY 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUBBAS I N :  1 1  
FORMAT I ON :  Mowry ,  Car l i l e , J u d i th R i ver 

DEPTH ( FT . ) : 2 , 000 
PRESSURE ( PS I A ) :  860 
TEMPERATURE ( ° F ) : 94 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I V EN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I VE 1 st W/C 2nd  W/C 

687 . 6 1  529 0 .40 0 .30 0 . 90 

1 1 54 . 50 888 0 .4 0  0 . 2 5  0 . 90 

1 627 . 27 1 1 78 0 . 40 0 .20 0 . 90 

1 342 . 7 7  972  0 .40 0 . 20 0 . 90 

1 320 . 88 897 0 . 40 0 .  1 5  0 . 90 

79 . 06 50 0 .40  0 .  1 0  0 . 90 

62 1 2 .  4 5 1 4  



TABL E  1 0- 78 

W E L L  P R O D U C T I ON S U M MA R Y-- B A S E  C A S E  

N G P - W I L L I S T QN,  M O W R Y + C A R L I L E  + J UD I T H  R I V E R 

G A S  P R O D U C T I O N  ( M MC F / Y E A R / WE L L )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  < MD )  
Y E A R  

1 2 0 9 1 7 2 1 0 5  7 5  4 6  3 3  

1-' 
2 1 5 6  1 1 9 6 6  4 3  2 5  1 7 0 

I 

1-' 
0 
1\.) 

5 1 2 0 8 3  4 4  2 8  1 5  1 0  

1 0  9 7  6 7  3 4  2 0  1 1  7 

1 5  8 2  5 9  3 0  1 7  1 0 0 

2 0  6 9  5 4  2 7  1 5  8 5 

3 0  5 5  4 5  2 4  1 3  7 4 

3 0 - Y E A R 
C U f'I M . 
P R O D . 2 7 0 4  2 0 1 0  1 0 6 3  6 4 9  3 6 7 2 3 8  

( M M C F ) 



TAB LE  1 0- 79 

w E L L  P R OD U C T I ON S U M M A R Y--A D V A N C E D  C A S E  

NG P - W l l L I S T O N ,  M O W RY + C AR L I L E + J UD I T H R I V E R  

G A S  P R O D U C T I O N  ( MM C F / Y E AR / W E L L ) 

K • 0 . 3  o . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( H O )  
Y E A R  

1 2 9 7  2 6 3  2 1 8 1 7 8 1 3 9 1 0 7 

1-' 2 2 2 2  1 8 3  1 5 9 1 1 8 8 7  6 3  0 

I ...... 
0 

w 5 1 6 6  1 2 9 1 1 2 7 8  5 3  3 8  

1 0  1 3 4 1 0 1  8 6  5 9  3 8  2 6  

1 5  1 1 7  8 7  7 4  5 1  3 2  2 2  

2 0  1 0 3  7 8  6 7  4 5  2 8  1 9  

3 0  8 6  6 7  5 7  3 8  2 3  1 5  

3 0 - Y r A R  
C U f'I M . 
P f< O D .  3 8  7 0  3 0 1 6  2 5 8 2  1 8 1 1  1 2 1 3  8 5 0 

( M M C F )  



TABLE 1 0-80 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 1  
FORMAT I ON :  Mowry + Car l i l e + J u d i th R i ver 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WELLS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUAL LY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS [ MAX=4 l < BC F ) ALL GAS [ MAX= 1 2 l  ( BC F )  

....... 
0 

I ....... . 3  1 . 29 5  1 . 29 5  529 . 90 5  . 90 5  529 0 
� 

• 1 1 .  9 54 1 . 954 888 1 . 302 1 . 302 888 

. 03 3 . 269 3 . 269 1 1 7 8  1 . 345  1 . 345 1 1 7 8  

. 0 1  5 . 426 4 7 1 6  1 . 943 1 . 943 9 72 

. 003 9 . 73 4 369 2 . 94 4  2 . 944 897 

. 00 1  1 6 . 1 1 6  4 1 2  4 . 53 1  4 . 53 1  50 --

3692 4 5 1 4  



I-' 
0 

I 

I-' 
0 
Ul 

TABLE 1 0-8 1  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fractu re ) 

BAS I N : Nort hern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 1  
FORMAT I ON :  Mowry + Ca r l i l e + J ud i th R i ver 

Ad vanced Case [ 2000/4000 Ft . Fracture ) 

Sur face Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor F ue l Cos t ,  Rat i o  of Cost to 

W . l .  Ga s Revenue  

7 5 ,000 

63 , 000 

84 , 000 - 1 36 , 000 
1 06 , 000 - 5 1 3 , 000 

1 03 , 000 

7 , 200 

.05 1 8  



� 
0 I 
� 
0 
0') 

TAB L E  1 0 - 82 

ECONOM I CS SUMMARY 
BAS I N  Northern Grea t P l a i ns � i l l i s ton 

SUB BAS I N  1 1 FORMAT I ON Mowry , Ca r l i l e , J ud i th R i ver 

AVERAGE PER PROSPECT BAS IN TOTALS 
PROF I T . K-LEVELS E & P GAS NET PRE S .  D C F  RATE 

GAS PR I CE  PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV , 
CASE NO . �/MCF ____x_ NO .  VALUE * __w__ _lli_ �M X. AT PR I C E,SCF G I P  BCF 

D i scount  Rate 1 �/o 121 I h 1 
2 1  
3 1 
4 1  
5 1  
6 1  
7 1  
8 1  

I .  50 
2 . 5 0 
3 . 1 0  
3 . 50 
5 . 00 
7. 00 
9 . 00 

1 2 . 00 

D i scount Rate l�k 
1 2  l .  50 
22 2 . 50 
32 3 .  1 0  
42 3 . 50 
5 2  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scoun t  Ra te 2iflo 
1 3  I .  5 0  
23 2 . 50 
33 3 .  1 0  
43 3 . 50 
5 3  5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

30 . 9  4 ABCD 
30 . 9 4 ABCD 
38 . 3  5 ABC DE 
38 . 3  5 ABC DE 
38 . 5  6 ABCDEF 
38 . 5  6 ABCDEF 
3 8 . 5  6 ABCDEF 
38 . 5  6 ABCDEF 

2 1 . 7  3 ABC 
30 . 9 4 ABCD 
30 . 9 4 ABCD 
38 . 3 5 ABCDE 
38 . 3  5 ABC DE 
38 . 5 6 ABCDEF 
38 . 5  6 ABCDEF 
38 . 5  6 ABCDEF 

2 1 . 7  3 ABC 
30 . 9  4 ABCD 
30 . 9  4 ABCD 
30 . 9  4 ABCD 
38 . 3 5 ABC DE 
38 . 5  6 ABCDEF 
38 . 5  6 ABCDEF 
38. 5 6 ABCDEF 

'� CODE : A B C 0 E F 
0 .  0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

2269 7 . 3 1 7  5 1 0 . 0  3 3 1 3 3568 
2269 7 . 3 1 7  844 2 0 . 5  " " 
2840 8 .  209 1 343 24. 4 3682 4466 
2840 8. 209 1 7 1 4  28 . I " " 
2862 8 . 229 3 1 08 40 . 5  3694 45 1 4  
2862 8 . 229 4970 54. 6  " " 
2862 8 . 229 6833 66 . 4  

" " 
2862 8 . 229 9626 8 1 . 2  

" " 

1 4 1 7  4.  744 - 1 53 1 1 . 1  0 0 
2269 7 . 3 1 7  3 1 2  20 . 5  3 3 1 3 3568 
2269 7 . 3 1 7  653 26. 1 " " 
2840 8 . 209 864 28. 1 3682 4466 
2840 8 . 209 1 8 1 0  40 . 6  " " 
2862 8 . 229 3072 54. 6  3694 4 5 1 4  
2862 8. 229 433 7  66 . 4  " " 
2862 8 . 229 6233 8 1 . 2  " " 

1 4 1 7  4. 744 -274 1 1 .  1 0 0 

2269 7 . 3 1 7  23 2 0 . 5  3 3 1 3 3568 

2269 7 . 3 1 7  273 26 . 1  
" " 

2269 7 . 3 1 7  439 29 . 7  
" " 

2840 8 .  209 1 093 40 . 6  3682 4466 
2862 8 . 229 20 1 5  5 4 . 6  3694 4 5 1 4  
2862 8 . 229 2940 66 . 4  

" " 
2862 8 . 229 4328 8 1 . 2  

" " 

TECHNOLOGY Base C�s�: 

DATE J o tne 1 980 

WELLS 
MAX NO, W I LDCAT 
PROSP ,  SUCCESS W I LDCAT DEVELOPMENT 

AT PR I C E  % DRY PROD . DRY PROD . !.Qill. 
453 1 6 . 3  7 1 9  1 40 639 2556 4054 " 1 6 . 3  " " " " " 
448 20 . 2  679 1 72 837 3345 5032 " 20 . 2  " " " " " 
450 20 . 3  679 1 74 846 3 3114 5083 " 20 . 3  " 20 . 3  " 20. 3 

0 1 1 . 4 0 0 0 0 0 
4 5 3  1 6 . 3 7 1 9  1 40 639 2556 4054 " 1 6 . 3  " " " " " 
448 20 . 2  679 1 72 837 3345 5032 " 20 . 2  " " " " " 
450 20 . 3  679 1 74 846 3384 5083 " 20 . 3  " 20 . 3  

0 1 1 . 4 0 0 0 0 0 
4 5 3  1 6 . 3  7 1 9  1 40 639 2556 4054 " 

1 6 . 3  
" 

" 
1 6 . 3  

448 20 . 2  679 1 72 837 3345 5032 
450 20 . 3  679 1 74 846 3384 5083 " 20 . 3  " 20 . 3  



I-' 
0 

I I-' 
0 
-...] 

BAS I N  MQCthern Great Plgin�-Willi�tQO 

SUB BAS I N  1 1 FORMAT I ON)1owry, Car IiI e 
AVERAGE PER PROSPECT 

PROF I T . K-LEVELS E & p GAS NET PRES .  
GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE 

CASE NO . VMCF __ %_ NO . VALUE ,� _lli__ _lli_ �M 

D i scoun t Rate 1 �1. 
1 2 1 1 2 1 1  I .  50 30 . 9  4 ABCD 2254 7 . 459 227 

2 1  2 . 50 38 . 3 5 ABC DE 3 1 03  9 . 1 83 1 360 
3 1  3 . 1 0  38 . 3  5 ABC DE 3 1 03 9 . 1 83 2062 4 1  3 . 50 38 . 5  6 ABCDEF 3 1 60 9 . 244 2534 
5 1 5 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 4303 
6 1  7 . 00 38 . 5  6 ABCOEF 3 1 6o 9 . 244 6660 
7 1  9 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 90 1 8  
8 1  1 2 . 00 38 . 5  6 ABCOEF 3 1 60 9 . 244 1 2554 

D i scou n t  Rate 12% 
1 2  I .  50 30 . 9  4 ABCO 2254 7 . 459 - 1 27 
2 2  2 . 50 38 . 3  5 ABC DE 3 1 03 9 . 1 83 596 
32 3 . 1 0  38 . 3  5 ABC DE 3 1 03 9 . 1 83 1 078 42 3 . 50 38 . 3 5 ABCOE 3 1 03 9 . 1 83 1 399 
5 2  5 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 26 1 1  
6 2  7 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 4228 
72 9 . 00 38 . 5 6 ABCDEF 3 1 60 9 . 244 5846 
82 1 2 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 8272 

D i scou n t  Ra te 2�1. 
1 3  I .  50 2 1 . 7 3 ABC 1 499 4 . 744 - 32 4  
2 3  2 . 50 30 . 9  4 ABCD 2254 7 . 459 1 60 
3 3  3 . 1 0  38 . 3  5 ABC DE 3 1 03 9 . 1 8 3 5 3 1  
4 3  3 . 50 38 . 3  5 ABC DE 3 1 03 9 . 1 83 767 
53 s . oo 38 . 3  5 ABC DE 3 1 03 9 . 1 83 1 653  
63  7 . 00 38 . 5  6 ABCOEF 3 1 60 9 . 244 2845 
73 9 . 00 3 8 . 5  6 ABCOEF 3 1 60 9 . 244 4034 
83  1 2 . 00 38 . 5  6 ABCDEF 3 1 60 9 . 244 58 1 7  

B C 0 E F t: CODE : A 
0 0 . I 0 . 03 0 . 0 1  0 . 003 0 . 0 0 1  

TAB L E  1 0-83 

ECONOM I CS SUMMARY 
fECHNOLOGY Advanced Case 

Juditb Bi�er DATE J une 1 980 

BAS I N  TOTALS WELLS 
DCF  RATE MAX NO. W I LDCAT 
OF RETURN GAS RECOVER . MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 

% AT PR I C E  8CF G I P  BCF  AT PR I CE % DRY f!!.QQ.. DRY PROD . TOTAL 

1 2 . 8  3568 3568 479 1 6 . 3  761  1 47 338 1 350 2596 
2 3 . 2  4466 4466 487 20 . 2  736 1 86 508 2034 3466 
29 . 4  " " " 20 . 2  " " " " " 
33 . I 4 5 1 4 4 5 1 4  488 20 . 3  738 1 88 5 1 8  2074 35 1 9  
46 . 4 " " " 20 . 3  
6 1 . 2  " " " 20 . 3  
7 3 . 8  " " " 20 . 3  
89 . 8  " " " 20 . 3  

1 2 . 8  0 0 0 1 6 . 3  0 0 0 0 0 
2 3 . 2  4466 4466 487 2 0 . 2  736 1 86 508 2034 3466 
29 . 4  " " " 20 . 2  " " " 
33 - 3  " " " 20 . 2  
46 . 4  4 5 1 4  45 1 4  488 20 . 3  738 1 88 ·5 1 8  2074 35 1 9  
6 1 . 2  " " " 20 . 3 " " " " " 
73 . 8  " " " 20 . 3  
89 . 8  " " " 20 . 3  

1 0 . 9  0 0 0 1 1 . 4 0 0 0 0 0 
2 3 . 3  3568 3568 479 1 6 . 3  76 1 1 47 338 1 350 2596 
29 . 4  4466 4466 487 20 . 2  736 1 86 508 2034 3466 
3 3 . 3  " " " 20 . 2  
46 . 5  " " " 20 . 2  
6 1  . 2  4 5 1 4  45 1 4  488 20 . 3  738 1 88 5 1 8  2074 35 1 9  
73 . 8 " " " 20 . 3  " " " " " 
89 . 8  " " " 20 . 3  



TOTAL BAS I N  AREA ( S ECT I ONS ) :  1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  O .  

AVERAGE 
PERM . 

6 (MD ) 
I 

f--1 
0 
00 0 . 3 

o .  1 

0 . 03 

0 . 0 1  

0 . 003 

0 . 00 1  

PRODUCT I VE 
AREA 

( S ECT I ONS ) 

608 

5 1 7  

540 

360 

202 

23 

2250 

H/C GAS 
POROS I TY 

( % )  

1 0 . 4 

9 . 0 

7 . 4 

6 . 0 

5 . 5 

5 . 0 

NET PAY 
TH I CKNESS 

( FT . )  

7 

8 

1 0  

1 3  

1 4  

1 5  

TABLE 1 0-84 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Nort hern Great P I  a i ns-W i I I i ston  
SUBBAS I N :  l 2 

DEPTH ( FT . ) : 2250 
PRE SSURE ( PS I A ) :  965 
TEMPERATURE ( ° F ) : 97 FORMAT I ON :  Greenhorn 

EST I MATED 
GAS I N  P LACE AT 
RESERVO I R  COND . 

( BCF ) 

806 . 2 1  

678 . 04 

727 .87 

5 1 1 . 49 

257 . 57 

3 1  .40 

30 1 3 .  

MAX . 
RECOVERABLE 

GAS 
C BCF ) 

620 

522 

527 

37 0 

1 75 

3 1  

2245 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C , 

0 . 40 0 . 30 0 . 90 

0 . 40 0 . 2 5  0 . 90 

0 . 40 0 . 20 0 . 90 

0 . 40 0 . 20 0 . 90 

0 . 40 0 .  1 5  0 . 90 

0 . 40 o .  1 0  0 . '30 



TABL E  1 0-85 

W E L L  P RO D U C T I ON S U M M A R Y--B A S E  C A S E  

N G P - W I L L I S T O N ,  G R E E N H O R N 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E l l )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  o . o o 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( HD J  
Y E A R 

1 6 6  4 7  3 2  2 3 1 3  8 

1-' 2 4 9  3 3  2 0  1 3  7 4 
0 
I 

1-' 
0 5 3 8  2 3  1 3  9 4 2 1.0 

1 0  3 0  1 8  1 0  6 3 1 

1 5  2 5  1 6  9 5 2 1 

2 0  2 1  1 4  8 4 2 1 

3 0  1 6  1 2  7 4 2 1 

3 0- Y E A R  
C U M M . 
P R O D . 8 5 0  5 5 9 3 2 3  2 0 5  1 0 4  5 8  

( M M C  F )  



TABLE  1 0-86 

W E L L  P R O D U C T I ON S U M M A R Y--A D V A NC E D  C A S E  

N G P -W I L L I S T ON ,  G R E E N H O R N  

G A S  P R O D U C T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  
Y E A R  

1 9 4  7 3 6 6  5 6  4 0  2 6  

I-' 
0 2 7 0 5 1  4 8  3 7  2 5  1 5  

I 
I-' 
I-' 
0 

5 5 2  3 6  3 4 2 4 1 5  9 

1 0  4 2  2 8  2 6  1 8  1 1  6 

1 5  3 6  2 4  2 2  1 6  9 5 

2 0  3 2  2 1  2 0  1 4  8 4 

3 0  2 6  1 8 1 7  1 2  6 3 

3 0 - Y E A R  
C U M M . 
P R O D . 

( M M C F ) 
1 2 1 9  8 3 8  7 8 3  5 7 1  3 4 9  2 0 5  



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUAL LY USED 
< MD ) ALL GAS [ MAX=4 l 

I-' 
0 

I 
. 3  1 . 4 1 . 4 I-' 

I-' 
I-' 

• 1 2 . 1 2 .  1 

. 03 3 . 8  3 . 8  

. 0 1  6 . 3  4 

. 003 1 1 . 0  4 

. 00 1  2 1  .3  4 

TABLE 1 0-87 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1: 2 
FORMAT I ON :  Greenhorn 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

< BCF ) ALL GAS [ MAX= 1 2 l  

620 . 9848 . 9848 

522 1 . 4  1 . 4  

527 1 . 6 1 . 6 

236 2 . 3  2 . 3 

64 4 . 4  4 . 4  

6 6 . 0  6 . 0  

1 9 7 5  

CASE 
RECOV ERABLE 

GAS FROM 
ACTUAL WELLS 

( BCF ) 

620 

522 

527 

370 

1 7 5 

3 1  

224 5 



1-' 
0 

I 
1-' 
1-' 
N 

TABLE 1 0-88 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a nd Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Case l 1 000 Ft . Fracture ) 

BAS I N : Northern  Great P l a i n s-W i I I i ston 
SUB-BAS I N :  1 2 

FORMAT I ON :  Greenhorn 

Ad vanced Cas e  ! 2000/4000 Ft . Fract ure ) 

Surface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i  I )  

Compres sor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue  

7 5 , 000 

70 , 000 

84 , 000 
1 06 , 000 - 27 5 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



...... 
0 
I 

...... 
...... w 

BAS I N  Northern Great P l a i ns -w i l l i s ton 

SUB BAS I N  1 2 FORMAT I ON Gru.cbcro 

AVERAGE PER PROSPECT 
PROF I T .  K-LEVELS E & p GAS NET PRE S .  

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE 
CAS E NO . VMCF __ %_ NO .  VALUE ·:, _w__ ...J!.f£_ �M 

D i scoun t Ra te  I CY!(, 
1 2 1 2 1 1 1  I .  50 1 2 . 4 1 A 1 5 1 8  2 .  726 -350 

2 1  2 . 50  1 9 . 6 2 AB 2333  4 . 294 27 
3 1  3 . 1 0  29 . 1 3 ABC 4145 6 . 296 1 73 
4 1  3 . 50 29 . I 3 . ABC 4 1 45 6 . 296 478 
5 1  5 . 00 35 . 1 4 ABCD 5494 7 . 533  1 542 
6 1  7 . 00 35 . 1 4 ABCD 5494 7 . 5 33  3 3 1 4  
7 1  9 . 00 38 . 0 5 ABC DE 625 1 7 . 886 5025 
8 1  1 2 . 00 38 . 0 5 ABC DE 625 1 7 . 886 779 1 

D i scount  Rate 1 �1(, 
1 2  I . 50 1 2 . 4 1 A 1 5 1 8  2 . 726 -443 
22 2 . 50 1 9 . 6 2 AB 2333  4 . 294 -254 
3 2  3 . 1 0  1 9 . 6 2 AB 2333 4 .  294 -47 
42 3 . 50 1 9 . 6 2 AB 2333  4. 294 90 
5 2  5 . 00 29 . 1 3 ABC 4 1 45 6 .  296 6 78 
62 7 . 00 35 . 1 4 ABCD 5494 7 . 533  1 7 1 8  
72 9 . 00 35 . 1 4 ABCD 5494 7 . 533 29 1 0  
82 1 2 . 00 38 . 0 5 ABC DE 625 1 7 . 886 4679 

D i scount Ra te  20% 
1 3  I . 50 - - - - - -389 
23 2 . 50 1 2 . 4 1 A 1 5 1 8  2 .  726 -330 
3 3  3 .  1 0  1 9 . 6 2 AB 2333 4. 294 -249 
43 3 . 50 1 9 . 6 2 AB 2333 4. 294 - 1 50 
5 3  5 . 00 29 . 1 3 ABC 4 1 45 6 . 296 1 78 
6 3  7 . 00 35 . 1 4 ABCO 5494 7 . 533  862 
73 9 . 00 3 5 . 1 4 ABCD 5494 7 . 533  1 725 
83 1 2 . 00 3 5 .  1 4 ABCD 5494 7 . 5 33  3020 

B C 0 E F • COD E :  A 
0 .  0 . I 0 03 0 . 0 1  0 . 003 0 00 1  

TAB L E  1 0-89 

ECONOM I CS SUMMAKY 
fEC itNOLOGY Base Case 

DATE Ju!ll: 1980 

BAS I N  TOTALS WELLS 
DCF RATE MAX NO . W I LDCAT 
OF RETURN GAS RECOVER . MAX RECOV. PROSP .  SUCCESS W I LDCAT DEVELOPMENT % AT PR I C E  Bc F  G I P  BCF  AT  PR I CE 'X. DRY PROD . DRY PROD . � 

2 . 9  0 0 0 6 . 5  0 0 0 0 0 
1 0 . 3  1 1 4 3  1 1 43  266 1 0 . 4  450 52 385 1 54 1  2428 
1 1  . 4  1 670 1 670 266 1 5 . 4 425 77 790 3 1 62 4453 
1 3 . 9  " " " 1 5 . 4  " " " " " 
1 9 . 9  1 906 204 1 252  1 8 . 6  387 88 1 037 4 1 4  5662 
3 1 . 0  " " " 1 8 . 6  " " " " " 
38 . 7 1 969 2 2 1 6  2 50 20 . 1  378 95 1 1 88 474 6406 
53 . 0  " " " 20.  I 

2 . 9  0 0 0 6 . 5  0 0 0 0 0 
1 0 . 3  " " " 1 0 . 4  
1 4 .  I " " " 1 0 . 4  
1 6 . 5 1 1 4 3  1 1 43 266 1 0 . 4  450 52 385 1 54 1  2428 
22 . 7  1 670 1 670 266 1 5 . 4  425 77 790 3 1 62 4453 
3 1 . 0 1 906 204 1 252 1 8 . 6  387 88 1 037 4 1 47 5662 
41 . 4  " " " 1 8 . 6  " " " " " 
5 3 . 0  1 969 22 1 6  250 20 . 1  378 95 1 1 88 4748 6406 

0 0 0 0 0 .  0 0 0 0 0 
9 . 6  

1 4 . 1 
1 6 . 5  
22 . 7 1 670 1 670 266 1 5 . 4 425 77 790 3 1 62 4453 
3 1 . 0  1 906 204 1 252 1 8 . 6  387 88 1 037 4 1 47 5662 
4 1 . 4  " " " 1 8 . 6  
55 . 5  " " " 1 8 . 6  



TABL E  1 0-90 

ECONOM I CS SUMMARY 
BAS I N  Northern Great P l a i ns- Wi l l i s ton TECHNOLOGY Advanced Case 

SUB BAS I N  1 2  FORMAT I ON Greenhorn DATE J un�- � 
AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 

PROF I T .  K-LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO .  W I LDCAT 
GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 

CASE NO. �IMCF __ %_ NO . VALUE * ...itL_ ....!!f£_ �H % AT PR I C E  8CF G I P  BCF  AT PR I CE % Q.!!! PROD . Q.!!! PROD . TOTAL 

D i scount  Rate  1 �/. 
1 2 1 22 1 1  1 .  50 1 9 . 6  2 AB 2087 4 . 294 - 366 4 . 7 0 0 0 1 0 . 4  0 0 0 0 0 

2 1  2 . 50 1 9 . 6  2 AB 2087 4 . 294 1 47 1 1 . 8 1 1 4 3  1 1 43 266 1 0 . 4  450 52 259 1 033  1 79 1  
3 1  3 .  I 0 2 9 . 1 3 ABC 3409 6 . 296 604 1 5 . 4  1 670 1 670 266 1 5 . 4  425  77  42 1  1 68 3  2606 
4 1  3 . 50 35 . 1 4 ABCD 4768 7 . 786 937 1 6 . 6  204 1 204 1 2 6 1  1 8 . 6 403 92 578 2 3 1 6  3389 
5 1  5 . 00 35. 1 4 ABCD 4768 7 . 786 2353 26 . 1 " " " 1 8 . 6  " " " " " 

6 1  7 . 00 38 . 0  5 ABC DE 5899 8 . 535 44 1 1  35 . 9 2 2 1 6  22 1 6  259 20 . 1  392 99 7 1 1 2842 404 1 
7 1  9 . 00 3 8 . 2  6 ABCDEF 597 1  8 . 562 6496 46 . 7 2 248 2248 263 20 . 2  396 1 0 1  73 1  2928 4 1 56 
8 1  1 2 . 00 38 . 2  6 ABCDEF 597 1  8 . 562 9634 61 . 4 " " " 20 . 2  

I-' D i scount Rate 12[o 

0 1 2 1 . 50 1 2 . 4  1 A 1 499 2 . 726 -464 3 . 5  0 0 0 6 . 6  0 0 0 0 0 
I 22 2 . 50 1 9 . 6  2 AB 2087 4 . 294 - 1 73 1 1 . 8 0 0 0 1 0 . 4  0 0 0 0 0 

I-' 3 2  3 .  1 0  1 9 . 6 2 AB 2087 4 . 294 33  1 5 . 5  1 1 4 3  1 1 4 3  266 1 0 . 4  450 52 259 1 033 1 79 1  
I-' 42 3 . 50 29 . 1  3 ABC 3409 6 . 296 2 3 7  1 8 . 0  1 670 1 670 266 1 5 . 4  425 7 7  42 1 1 683 2606 
� 5 2  5 . 00 35 . 1 4 ABCD 4768 7 . 786 1 1 1 4 26 . 1  204 1 204 1 26 1  1 8 . 6  403 92 578 2 3 1 6  3 389 62 7 . 00 38 . 0  5 ABC DE 5899 8 . 535 2428 35 . 9  2 2 1 6  2 2 1 6  259 20 . 1  392 99 7 1 1 2842 404 1 72  9 . 00 38 . 0  5 ABC DE 5899 8 . 535 3836 4 7 . 0  " " " 20 . 1  " " " " " 

82 1 2 . 00 38 . 2  6 ABCDEF 597 1  8 . 562 5952 6 1 . 4  2248 2248 263 20 . 2  396 1 0 1  7 3 1  2928 4 1 56 

D i scount  Rate 20% 
1 3  1 .  50 1 2 . 4  I A 1 499 2 . 726 - 5 2 1  3 - 5 0 0 0 6 . 6  0 0 0 0 0 
23 2 . 50 1 9 . 6  2 AB 2087 4 . 294 -343  1 1  . 8  " " " 1 0 . 4  
33  3 .  1 0  1 9 . 6 2 AB 2087 4 . 294 - 1 93 1 5 . 5  " " " 1 0 . 4  
43 3 . 50 1 9 . 6  2 AB 2087 4 . 294 -94 1 7 . 8  " " " 1 0 . 4  
53 5 . 00 2 9 .  I 3 ABC 3409 6 . 296 438  2 7 . 1  1 670 1 670 266 1 5 . 4  425 77 421 1 68 3  2606 
63 7 . 00 35 . 1  4 ABCD 4768 7 . 786 1 3 74 3 7 . 9 204 1 204 1 26 1  1 8 . 6  403 92  578 2 3 1 6  3389 
73 9 . 00 38 . 0  5 ABC DE 5899 8 . 535 2375 4 7 . 0  2 2 1 6  2 2 1 6  259 20. I 392 99 7 1 1 2842 404 1 
83 1 2 . 00 38 . 0  5 ABC DE 5899 8 . 535 3907 6 1 . 6  " " " 2 0 .  I " " " 

'' CODE :  A B C D E F 
0 . 3 0 . I 0 . 0 3  0 . 0 1  0 . 003 0 . 00 1 



TOTAL BAS I N  AREA ( S ECT I ONS ) :  1 20 , 000 
TYPE : B I a n ket 

NGL C BBL/MMC F ) : O .  

AVERAGE 
PERM . 6 (MD ) 

I 
1-' 
1-' 
Ul 0 . 3  

0 .  1 

0 . 03 

0 . 0 1  

0 . 003 

0 . 00 1 

PRODUCT I VE 
AREA 

( SECT I ONS ) 

7 1  

94 

1 24 

92 

75 

4 

460 

H/C GAS 
POROS I TY 

( % )  

1 0 . 4 

9 . 0 

7 . 4 

6 . 0 

5 . 5 

5 . 0  

NET PAY 
TH I CKNESS 

( FT . )  

2 1  

24 

3 1  

38 

44 

50 

TABLE 1 0- 9 1  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern  Great P l a i ns-W i I I i ston 
SUBBAS I N : 1 3  

DEPTH ( FT . ) :  1 92 5  
PRESSURE ( PS I A ) : 830 
TEMPERATURE ( ° F ) : 93 FORMAT I ON :  Greenhorn , Car l i l e 

EST I MATED 
GAS I N  PLACE AT 
RESERVO I R  COND . 

C BCF ) 

242 . 88 

3 1 8 . 02 

445 . 54 

328 . 5 5 

284 . 28 

1 5 . 66 

1 63 5 .  

MAX . 
RECOVERABLE 

GAS 
C BCF ) 

1 80 

245 

322 

238 

1 93 

1 0  

1 1 88 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 45  0 . 30 0 . 90 

0 . 4 5  0 . 2 5  0 . 90 

0 .45  0 . 20 0 . 90 

0 . 4 5  0 . 20  0 . 90 

0 . 45  0 .  1 5  0 . 90 

0 . 4 5  o .  1 0  0 . 90 



TABL E  1 0-92  

� E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

N G P-W I L L I S T ON,  G R E E N H O R N  + C A R L I L E 

G A S  P R O DU C T I O �  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M O )  
Y E A R  

1 1 5 3  1 1 1  7 7  5 4  3 3  2 0  

...... 2 1 1 4t  7 7  4 8 3 1  1 8  1 1  
0 

I ...... ...... 
5 8 8  5 4  3 2 2 0  1 1  6 0'1 

1 0  7 1  4 3  2 5  1 5  7 4 

1 5  6 0  3 8  2 2  1 2  7 3 

2 0  5 2  3 5  2 0  1 1  6 3 

3 0  4t 1  2 9  1 7 9 5 2 

3 0 - Y E A � 
C U I'I M . 
P R O D . 1 � 9 0  1 3 0 1  7 7 7  4 6 5  2 5 9 1 5 0 

C I'I M C F ) 



TAB L E  1 0 - 9 3  

W E L L P R OD U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

N G P - W I L L I S T Q N, G R E E N H O R N  + C A R L I L E 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

0 . 0 3  o . o 1  K • 0 . 3  0 . 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  
Y E A R  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  

1 2 1 8 1 7 0 1 5 9  1 2 7 9 8  6 7  

2 1 6 2 1 1 8  1 1 6 8 5  6 1  4 0  
� 
0 
I 

� 
5 1 2 2  8 3 8 2  5 6  3 8 2 4  � 

-.....} 

1 0  9 8  6 5  6 3  4 2  2 7  1 6  

1 5  8 5  5 6  5 4  3 7  2 3  1 4  

2 0  76 5 1  4 9  3 2  2 0  1 2  

3 0  6 3  4 3 4 1  2 7  1 6  1 0 

3 0 - Y E A R  
C U M M . 
P R O D .  2 8 4 3 1 9 5 4  1 8 9 0  1 3 0 1  8 5 6 5 3 6 

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS [ MAX=4 1 

1-' 
0 

I . 3  1 . 27 5  1 . 2 7 5  
1-' 
1-' 
00 

• 1 1 .  998 1 . 998 

. 03 3 . 342 3 . 342 

.o  1 5 . 546 4 

. 003 9 . 930 4 

. 00 1  1 6 . 422 4 

TABLE 1 0- 94 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston  
SUB-BAS I N :  1 3 
FORMAT I ON :  Greenhorn + Car l i l e 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WEL LS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS [ MAX= I 2 1  

1 80 . 892 . 892 

245 1 . 33 1 1 . 33 1 

322 1 . 3 7 5  1 . 37 5 

1 72 1 . 98 5  1 . 985 

78 3 . 00 1  3 . 00 1  

2 4 . 6 1 8  4 . 6 1 8  

999 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

( BCF ) 

1 80 

245 

322 

2 38 

1 93 

1 0  

1 1 88  



....... 
0 

I ....... 
....... 

� 

TABLE 1 0- 9 5  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost C $/�ve I I )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ]  

BAS I N : Northern  Great P l a i n s-W i I I i ston 
SUB-BAS I N :  1 3 
FORMAT I ON :  Greenhorn + Ca r l i l e 

- Ad vanced Case [ 2000/4000 Ft.  Fracture ] 

Surface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compresso r  Fue l Cost ,  Rat i o  of  Cost to 

W . l .  Gas Revenue 

7 5 , 000 

6 1 , 000 

84 , 000 
1 06 , 000 - 27 5 , 000 

1 0 3 , 000 

7 , 200 

. 0 5 1 8  



TAB L E  1 0 -96  

ECONOM I CS SUMMARY 
BAS I N  Nor thern Grea t P l a i ns -w i  1 1  i s  ton fECHNOLOGY Base Case 

SUB BAS I N  FORMAT I ON Greenhorn and C a r l i l e OATE J une l q8o 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & P GAS NET PRES . DCF RATE MAX NO .  W I LDCAT 

GAS PR I C E PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . �/MCF __ %_ NO . VA LUE * .2lL_ ..1Q_ �H % AT PR I C E  9CF G I P  BCF AT PR I CE % DRY �· DRY PROD . TOTAL 

D i scou n t  R a t e  1 �/, 
1 2 1 3 11 1 1 .  50 27 . 0  3 ABC 2289 7 . 022 - 1 9 . 9  0 0 0 1 4. 3  0 0 0 0 0 

2 1  2 . 50 35 . 7 4 ABCD 3070 8 . 736 848 1 8 . 3  92 1  987 1 05 1 8 . 9  1 64 �8 227 907 I 136 
3 I 3 . 1 0  35 . 7 4 ABCD 3070 8. 736 1 450 2 3 . 8  " " " 1 8 . 9  " " " " " 

41  3 . 50 42 . 4 5 ABC DE 3729 9 . 527 1 793  25 . 0  998 1 1 79 1 05 2 2 . 4  1 53 44 283 1 1 3 1  1 6 1 6  
5 1  5 . 00 42 . 4 5 ABCDE 3729 9 . 527 342 1 3 7 . 2 " " " 22 . 4  " " " " " 

6 1  7 . 00 42 . 8 6 ABCDEF 3772 9 . 557 559 1  5 1 . 2 1 000 1 1 88 1 05 2 2 . 6  " 45  286 1 1 45  1 6 31l 
7 1  9 . 00 42 . 8 6 ABCDEF 3772 9 . 55 7  7768 63 . 4  " " " 22 . 6  
8 1  1 2 . 00 42 . 8 6 ABCDEF 3772 9 . 55 7  1 1 034 78 . 7  " " " 22 . 6  

1--' 
D i scoun t Rate 1�,(, 0 

I 1 2  1 .  50 27 . 0 3 ABC 2289 7 . 022 -273 9 . 9  0 0 0 1 4. 3  0 0 0 0 0 
1--' 22 2 . 50 3 5 . 7 4 ABCD 3070 8 . 736 i36 1 8 . 3  92 1  987 1 05 1 8 . 9  1 64 38 227 907 1 336 
N 32 3 . 10  35 . 7 4 ABCD 3070 8 . 736 640 23 . 8  " " " 1 8 . 9  " " " " " 

0 42 3 . 50 35 . 7 4 ABCD 3070 8 . 736 909 27 . 3  " " " 1 8 . 9  
52 5 . 00 42 . 4 5 ABC DE 3 729 9 . 527 1 9 1 7  37 . 2 998 I I 79 1 05 22 . 4 1 53 44 283 1 1 3 1  1 6 1 6  
6 2  7 . 00 42 . 8 6 ABCDEF 3772 9 . 55 7  3 374 5 1 . 2  1 000 1 1 88 " 22 . 6  " 45  286 I 1 45 1 630 
72 9 . 00 42 . 8 6 ABCDEF 3772 9 . 557  4837 6 3 . 4  " " " 2 2 . 6  
8 2  1 2 . 00 42 . 8 6 ABCDEF 3772 9 . 557 7033 78 . 7  " " " 22 . 6 

D i scou n t  Rate 20% 
1 3  1 .  50 1 6 . 6  2 AB 1 429 4 . 6 1 6  -3 1 6  1 0 . 0  0 0 0 8 . 8 0 0 0 0 0 
23 2 . 50 27 . 0 3 ABC 2289 7 . 022 - 1 2  1 9 . 7  " " " 1 4 . 3 " " " " " 

33 3 . 1 0  35 . 7  4 ABCD 3070 8 . 736 206 23 . 8  92 1 987 1 05 1 8 . 9 1 64 38 227 907 1 336 
43 3 . 50 35 . 7  4 ABCD 3070 8 . 736 40 1 27 . 3  " " " 1 8 . 9  " " " " " 

53 5 . 00 42 . 4 5 ABCDE 3729 9 . 527  1 099 3 7 . 2 998 1 1 79 " 22 . 4 1 5 3 44 283 I I 3 1  1 6 1 6  
6 3  7 . 00 42 . 4  5 ABC DE 3729 9 . 527 2 1 57 5 1 . 4 " " " 22 . 4  " " " " " 

73 9 . 00 42 . 8 6 ABCDEF 3772 9. 557 3 2 1 4  6 3 . 4  1 000 1 1 88 " 22 . 6  " 4 5  286 1 1 45 1 630 
83 1 2 . 00 42 . 8 6 ABCDEF 3772 9 . 557 4806 78. 7  " " " 2 2 . 6  

�' CODE :
-

A
--

8 C D E F 
0 . 3 0 . I 0 03 0 . 0 1  0 . 003 0 . 00 1  



1-' 
0 

I 
1-' 
N ...... 

BAS I N  Nor thern Great P l a i ns-Wi l l i s ton 

SUB BAS I N  1 3 

fROF I T .  K -LEVELS 
GAS PR I C E  PROS P .  O N  STREAM 

CASE NO . VHCF __ % __ NO. VALUE * 

D i scoun t Rate  I W£ 
1 2 1 321 1  I .  50 35 . 7  4 ABCD 

2 1  2 . 50 42 . 4 5 ABC DE 
3 1  3 .  1 0  4 2 . 4  5 ABC DE 
4 1  3 . 50 42 . 8 6 ABCDEF 
5 1  5 . 00 42 . 8  6 ABCDEF 
6 1  7 . 00 42 . 8 6 ABCDEF 
7 1  9 . 00 4 2 . 8  6 ABCDEF 
8 1  1 2 . 00 4 2 . 8 6 ABCDEF 

D i scoun t Rate I� 
1 2  I .  50 2 7 . 0  3 ABC 
22 2 . 50 35 . 7  4 ABCD 
32 3 .  1 0  42 . 4 5 ABC DE 
42 3 . 50 42 . 4  5 ABC DE 
5. 2  5 . 00 42 . 8 6 ABCDEF 
62 7 . 00 42 . 8 6 ABCDEF 
72 9 . 00 42 . 8 6 ABCDEF 
82 1 2 . 00 42 . 8 6 ABCDEF 

D i scoun t Ra te 2�4 
1 3  I .  s o  1 6 . 6 2 AB 
23 2 . 50 35 . 7  4 ABCD 
33  3 .  1 0  3 5 . 7  4 ABCD 
43 3 . 50 42 . 4 5 ABC DE 
53 5 . 00 4 2 . 8  6 ABCDEF 
63 7 . 00 42 . 8  6 ABCDEF 

73 9 . 00 42 . 8  6 ABCDEF 

83 1 2 . 00 4 2 . 8 6 ABCDEF 

* CODE : A 
0 . 

B C D E F 
0 . I 0 03 0 . 0 1  0 . 003 0 . 00 1  

TABL E  

ECONOM I CS 

FORMAT I ON G reenho;n , C a r l i l e 

AVERAGE PER PROSPECT 
E & P GAS NET PRES . DCF RATE 
I NVEST . PROD . Vi\�UE OF RETURN 

_w__ .J!.Qf_ �H % 

2 776 8 . 864 1 56 1 1 . 6 
369 1 1 0 . 4 1 0  1 3 1 1  20 . 9  
369 1 1 0 . 4 1 0  2073 26 . 8  
3783 1 0 . 50 7  2584 30 . 4  
3783 1 0 . 507 4509 4 3 . 4 
3783 1 0 . 507 7076 58 . 2 
3783 1 0 . 507 9643 70 . 8  
3783 1 0 . 507 1 3493 86 : 8  

2068 7 . 02 2  - 1 88 I I  . 6  
2 776 8 . 864 496 2 1 . 8  
369 1 1 0 . 4 1 1)  l O ll 26 . 8  
369 1 1 0 . 4 1 0  1 356 30 . 6  
3783 1 0 . 507 2657 4 3 . 4  
3783 1 0 . 50 7  4 3 9 7  58 . 2  
3783 1 0 . 507 6 1 3 7 70 . 8  
3783 1 0 . 507 8747 86 . 8  

1 457 4 . 6 1 6  - 366 9 . 7  
2 776 8 . 864 1 02 2 1 . 8  
2 776 8 . 864 4 1 6  2 7 . 4  
369 1 1 0 . 4 1 0  687 30 . 6  
3783 1 0 . 507 1 6 3 1  43 . 4  
3783 1 0 . 507 2899 58 . 2  
3783 1 0 . 507 4 1 67 70 . 8  
3783 1 0 . 507 6069 86 . 8  

1 0"'-97  

SUMMARY 
fECHNOlOGY Advanced Case 

DATE J une 1 980 

BAS I N  TOTALS WELLS -
MAX N O .  W I LDCAT 

GAS RECOVER . MAX RECOV. PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 
AT PR I CE,8CF  G I P  .BCF  AT PR I CE % Q.!l.Y. PROD . Q.!l.Y. PROD . TOTAL 

987 987 I l l  1 8 . 9  1 7 1  40 1 20 482 8 1 3 
1 1 79 1 1 79 1 1 3  22 . 4  1 66 4 8  1 72 687 1 073 " " " 2 2 . 4  " " " " " 
1 1 88  1 1 88 1 1 3  2 2 . 6  1 65 48 1 76 705 1 095 " " " 2 2 . 6  " " " " " " " " 2 2 . 6  " " " o i  " " " 2 2 . 6  " " " " " " " 2 2 . 6  

0 0 0 1 4 . 3  0 0 0 0 0 
987 987 I l l  1 8 . 9 1 7 1  40 1 20 482 & 1 3 

1 1 79 1 1 79 1 1 3 2 2 . 4  1 66 4 8  1 72 687 1 07 3  " " " 2 2 . 4  " " " " " 
1 1 88 1 1 8S " 2 2 . 6  1 65 " 1 76 705 I 095 " " " 2 2 . 6  " " " " " " " " 2 2 . 6  " " " 2 2 . 6  

0 0 0 8 . 8  0 0 0 0 0 
987 987 I l l  1 8 . 9  1 7 1 40 1 20 482 8 1 3  " " " 1 8 . 9  " " " " " 

1 1 79 1 1 7� 1 1 3 2 2 . 4  1·66 48 1 72 687 1 07 3  
1 1 88 1 1 88 " 2 2 . 6  1 65 " 1 76 705 1 095 " " " 22 . 6 " " " " " " " " 2 2 . 6 " " " " " " " " 2 2 . 6  



1-' 
0 

I 
1-' 
N 

N 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a nket 

NGL ( BBL/MMC F ) : O .  

AVERAGE PROD UCT I V E H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
( MD )  ( S ECT I ONS ) ____jj) ( FT . )  

---------

0 .3 3 1 5  1 0 .4 23 

0 0 1 343 9 . 0 28 

0 . 03 229 7 .4 36 

0 . 0 1  1 86 6 . 0  5 1  

0 . 003 34 1 5 . 5  59 

0 . 0 0 1  1 7  5 . 0 65  

1 43 1  

TABLE 1 0 -98 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Northern  Great P I  a i ns-W i I I i ston 
SUBBAS I N :  1 4  
FORMAT I ON :  Greenhorn , E ag l e  

DEPTH ( FT . ) :  1 727 
PRESSURE (PS I A ) : 740 
TEMPERATURE ( ° F ) : 90 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( 8CF ) PRODUCT I VE 1 st W/C 2 n d  w;c 

1 054 . 56 8 1 1 0 . 50 0 .30 0 . 90 

1 209 . 7 6  930 0 . 50 0 . 2 5  0 . 90 

8 53 . 83 6 1 8 0 . 50 0 . 20 0 . 90 

796 . 60 577  0 . 50 0 . 20 0 . 90 

1 548 0 72 1 0 5 1  0 . 50 0 0 1 5  0 . 90 

7 7 . 33 49 0 . 50 o . 1 0  0 . 90 

554 1 0 4036 



TABL E  1 0-99 

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E 

N G P - W I L L I S T O N ,  G R E E NHO R N  + E A GL E 

' G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1 0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 1 3 9 1 0 8  7 5  6 1  3 7  2 2  

1--' 2 1 0 3  7 5  4 6  3 5  2 0  1 2  0 
I 

1--' 
IV 
w 5 8 0  5 2  3 1  2 2  1 2  7 

1 0  6 5  4 2  2 4  1 6  8 5 

1 5  5 5  3 7  2 1  1 4  1 4 

2 0 4 8  3 3  1 9  1 2  1 3 

3 0  3 7  2 8  1 7  1 1  5 3 

3 0 - Y E A R  
C U M M . 
P R O D • 1 8 2 3  1 2 6 5  7 5 1 5 2 2 2 9 1  1 6 1  

( f'I M C F ) 



TABLE  1 0- 1 00 

W E L L  P R OD U C T I ON S U M M A R Y--A D V A NC E D  C A S E  

N G P - W I L L I S T ON , G R E E N H O R N  + E A GL E 

G A S  P RO D UC T I O N  ( M MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 00 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 1 9 8  1 6 5  1 5 3 1 4 2 1 1 0  7 3  

...... 2 1 4 7 1 1 5  1 1 2 9 5  6 9  4 3  0 

I ...... 
rv 

� 5 1 1 0 8 1  79 6 4  4 2  2 6  

1 0  8 9  6 3  6 1 4 8  3 0  1 8  

1 5  7 8  5 4  5 3  4 1  2 5  1 5  

2 0  70  4 9  4 7  3 6  2 2  1 3  

3 0  5 8  4 2  4 0  3 0  1 8  1 1  

3 0 - Y E A R 
C U I"' M . 
P R O D . 2 5 9 6  1 8 9 9  1 8 3 2 1 4 6 0 9 6 3 5 8 6  

( M M C F ) 



TABLE l 0 - l  O T  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P I  a i ns-W i I I i stan 
SUB-BAS I N : 1 4  
FORMAT I ON :  Greenhorn + Eag l e  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY US ED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS I MAX=4 l ( BCF ) ALL GAS I MAX= 1 2 l  ( BC F ) 

1-' 0 
. 3  1 . 4 1 2  1 . 4 1 2  8 1 1 . 99 1 6 . 99 1 6  8 1 1 I 1-' � U1 • 1 2 . 1 42 2 . 1 42 930 1 . 427 1 . 427 930 

. 03 3 . 588 3 . 588 6 1 8  1 . 4 73 1 . 473 6 1 8  

. 0 1  5 . 926 4 389 2 . 1 2 1 2 . 1 2 1  5 7 7  

. 003 1 0 . 587 4 39 7 3 . 1 96 3. 1 96 1 0 5 1 

. 00 1  1 7 . 779 4 1 1  4 . 907 4 . 907 49 

3 1 56 4036 



I-' 
0 

I 

I-' 
N 

0"1 

TABLE 1 0 - 1 02 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fract u r e ]  

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 4  
FORMAT I ON :  Green horn + Eag l e  

Advan ced Case [ 2000/4000 Ft . Fract u r e ]  

S u r face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

7 5 , 000 

56 , 1 85 

84 , 000 - 1 1 4 , 000 
1 06 , 000 - 409 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



TAB LE  1 0- 1 03 

ECONOM I CS SUMMARY 
BAS I N  �artbcro Great elaio�:Wi I 1 i�ts;:.m 
SUB BAS I N  1 4 FORMAT I ON G reenhorn and Eag l e  

AVERAGE PER PROSPECT BAS IN TOTALS 
PRO F I T . K -LEVELS E & p GAS NET PRE S .  D C F  RATE 

GAS PR I CE PROS P .  ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . HAX RECOV. 
CASE NO . VMCF _%_ NO . VALUE * __w__ � �M % AT PR I CE,IIC F  G I P  B C F  

D i scoun t R a t e  1 �/o 
1 2 1 4 1 1 1  1 .  50 29 . 8 3 ABC 1 977 6 . 3 1 7  68 1 1 . 0 2357  2357 

2 1  2 . 50 36 . 3  4 ABCD 239·7 7 . 3 7 3  89 1 20 . 7  2 74 7  2 9 34 
3 1  3 .  1 0  36 . 3  4 ABCD 2397 7 . 3 7 3  1 42 1  26 . 5  " " 
4 1  3 . 50 47 . 2 5 ABC DE 3369 8 . 6 0 1  1 72 1  26 . 5  3 1 43 3984 
5 1  5 . 00 47. 2  5 ABC DE 3 369 8 . 60 1 3 2 3 7  3 9 . 5  " " 
6 1  7 . 00 47 . 6 6 ABCDEF 3393 8 . 6 1 8  5257 54. 4  3 1 55 4036 
71 9 . 00 47 . 6 6 ABCDEF 3 393 8 . 6 1 8  7282 6 7 . 1 " " 

I-' 
8 1  1 2 . 00 47. 6  6 ABCDEF 3393 8 . 6 1 8  1 03 1 8  83 . I " " 

0 
D i scoun t Rate l�k 

I 
I-' 1 2  1 .  50 29 . 8 3 ABC 1 977 6 . 3 1 7  - 1 9 2  1 1 . 0 0 0 
IV 22 2 . 50 36 . 3  4 ABCD 2397 7 . 3 7 3  335 20 . 7  2 747 2934 
-...) 3 2  3 .  1 0  36 . 3 4 ABCD 2397 7 . 373  694 26 . 5  " " 

42 3 . 50 36 . 3 4 ABCD 2397 7 . 3 7 3  9 3 4  30 . 2  " " 
5 2  5 . 00 47. 2  5 ABC DE 3369 8 . 60 1  1 858 39 . 5  3 1 4 3  3984 
6 2  7 . 00 47. 2 5 ABC DE 3 369 8 . 60 1  3 228 54. 5  " " 
72 9 . 00 47 . 6  6 ABCDEF 3393 8 . 6 1 8  4599 6 7 . 1 3 1 55 4036 
82 1 2 . 00 47 . 6  6 ABCDEF 3393 8 . 6 1 8  66S9 83 . 1 " " 

D i scoun t Rate 20% 
1 3  1 .  50 22 . 4 2 AB 1 453 4. 866 -270 1 1 . 3 0 0 
23 2 . 50 36 . 3  4 ABCD 2397 7 . 3 7 3  34 20 . 7  2747 2 934 
33  3 . 10  36 . 3  4 ABCD 2397 7 . 3 73 296 26 . 5  " " 
43 3 . 50 36 . 3 4 ABCD 2397 7. 3 73 470 30 . 2  " " 
53 5 . 00 47 . 2 5 ABC DE 3 36 9  8 . 6 0 1  1 099 39 . 5 3 1 4 3  3384 
63 7 . 00 47. 2  5 ABC DE 3369 8 . 60 1  2099 54 . 5  " " 

73 9 . 00 47 . 6  6 ABCDEF 3 393 8 . 6 1 8  3098 6 7 .  I 3 1 55 4036 
83 1 2 . 00 47. 6  6 ABCDEF 3393 8 . 6 1 8 460 1  83 . I 

" " 

* CODE : A B C D E F 
0 . 3 0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

TECHNOLOGY 

DATE 

HAX NO .  
PROS P .  

A T  PR I CE 

373 " 
" 

366 
" 
" 
" 
" 

0 
373  

" 
" 

366 
" 
" 
" 

0 
373  

" 
" 

360 
" 
" 
" 

Base Case 

J une 1 980 

W I LDCAT 
SUCCESS 

% 

1 5 . 9  
1 9.4 
1 9 . 4  
25 . 2  
25 . 2  
2 5 . 4  
25 . 4  
25 . 4  

1 5 . 9  
1 9 . 4  
1 9 . 4  
1 9 . 4 
2 5 . 2 
25 . 2  
25 . 4  
25 . 4  

1 1 . 9 
1 9 . 4  
1 9 . 4  
1 9 . 4  
25 . 2  
25 . 2 
25 . 4  
25 . 4  

W I LDCAT 
DRY �. 

589 1 1 1  
565 1 36 

" " 
5 1 3  1 73 

" " 
5 1 2  1 74 

" " 

0 0 
565 1 36 

" " 

5 1 3  1 73 
" " 

5 1 2  1 74 

0 0 
565 1 36 

5 1 3  1 73 
" " 

5 1 2  1 74 
" " 

WELLS 

DEVELOPMENT 
DRY PROD . TOTAL 

462 1 845 3006 
600 2400 3700 

" " " 
�78 35 1 1  5075 

" " " 
885 3539 5 1 1 0  

" " 

0 0 0 
600 2400 3 700 

" " " 

878 35 1 1  5075 
" " " 

885 3539 5 1 1 0  

0 0 0 
600 2400 3700 

878 35 1 1  5075 
" " " 

885 3539 5 1 1 0  
" " " 



TAB LE  1 0- 1 04 

ECONOM I CS SUMMARY 
BAS I N  �cctbeco Great EJaios-WiJlistco TECHNOLOGY Advanced Case 

SUB BAS I N  1 4 FORMAT I ON Greenhorn, Eagl e DATE une ..l9.8.0 
AVERAGE PER PROSPECT BAS I N  TOTA LS  \/ELLS  

PROF I T . K -LEVELS E & P GAS NET PRE S .  D C F  RATE MAX NO . Il l  L OCAT 
GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX R ECOV . PROSP . SUCCESS Il l  LDCAT DEVELOPMENT 

CASE NO . VMCF  __ %_ NO . VA LUE * _i!i_ ..!ff_ �M % AT PR I C E,j!C F G I P  BCF  AT  PR I C E  % DRY PROD . DRY PROD . TOTI\L 

D i scoun t  Rate 1 �!. 
1 2 142 1 1  1 .  so ]6 . 3  4 ABCD 224 1  7 . 532 1 86 1 2 . 3  2934 2934 390 1 9 . 4  590 1 4 1  337 1 34 9  24 1 7  2 1  2 . 50  47 . 2 5 ABC DE 3788 1 0 . 089 1 245 20 . 9  3984 3984 395 25 . 2  553  1 87 591  2 363 3694 3 1  3 . 1 0  4 7 . 2  5 ABC DE 3788 1 0 . 089 1 994 2 7 . 2  " " " 2 5 . 2  " " " " 

4 1  3 . 50 4 7 . 2 5 ABC DE 3788 1 0 . 089 2495 3 1 . 3 " " " 2 5 . 2  
5 1  5 . 00 4 7 . 6 6 ABCDEF 3858 1 0 .  I SO 4383 45.  1 4036 4036 398 25 . 4  556 1 89 605 2420 3769 6 1  7 . 00 4 7 . 6  6 ABCDEF 3858 1 0 .  I SO 6903 6 1 . 2  " " " 25 . 4  
7 1  9 . 00 4 7 . 6 6 ABCDEF 3858 1 0 . 1 50 9422 74 . 8 " " " 2 5 . 4  
8 1  1 2 . 00 4 7 . 6 6 ABCDEF 3858 1 0 .  I SO 1 3202 92 . 1  " " " 2 5 . 4  

f-' D i scount  Rate 1�!. 
0 1 2  1 .  so 2 9 . 8  3 ABC 1 82 1  6 . ] 1 6  - 1 47 1 2 . 0 0 0 0 1 5 . 9  0 0 0 0 0 

I 22 2 . so ]6 . 3  4 ABCD 224 1  7 . 532 478 22 . 8  2 934 2934 390 1 9 . 4  590 1 4 1  337  1 349 24 1 7  f-' 32 3 . 1 0  4 7 . 2  5 ABC DE 3788 1 0 . 089 983 2 7 . 2  3984 3984 395 2 5 . 2  553 1 87 59 1  2363  3694 (\.) 42 3 . 50 47 . 2 5 ABC DE 3788 1 0 . 089 1 324 3 1 . 3  " " " 2 5 . 2  
00 5 2  5 . 00 4 7 . 2 5 ABC DE 3788 1 0 . 089 2606 45 . 3  " " " 2 5 . 2 

62 7 . 00 4 7 . 6  6 ABCDEF 3858 1 0 .  I SO 4330 6 1 . 2 4036 4036 398 25 . 4 556 1 89 605 2420 3769 
72 9 . 00 4 7 . 6 6 ABCDEF 3858 1 0 .  I SO 605 1 74 . 8  " " " 2 5 . 4 
82  1 2 . 00 4 7 . 6  6 ABCDEF 3858 1 0 .  I SO 8633 92 . I " " " 2 5 . 4  

D i scount Rate 20% 
1 3  1 .  so 2 2 . 4  2 AB 1 4 34 4 . 866 - 308 1 0 . 9 0 0 0 1 1 . 9 0 0 0 0 0 
23 2 . 50 ]6 . 3  4 ABCD 2241 7 . 532 1 32 22 . 8 2934 2934 390 1 9 . 4  590 1 4 1 337 1 349 24 1 7  
33  3 .  1 0  36 . 3  4 ABCD 224 1  7 . 532 408 28 . 5 " " " 1 9 . 4 " " " " " 
43 3 . 50 4 7 . 2  5 ABC DE 3788 1 0 . 089 684 31 . 3 3984 3984 395 25 . 2  553 1 87 591  2 363 3694 
53 s . oo 4 7 . 2  5 ABC DE 3788 1 0 . 089 1 62 4  45 . 3  " " " 25 . 2  " " " " " 
63 7 . 00 4 7 . 6  6 ABCDEF 3858 1 0 .  I SO 2885 6 1 . 2  4036 4036 398 2 5 . 4  556 1 89 605 2420 3 769 
73 9 . 00 4 7 . 6  6 ABCDEF 3858 1 0 . I SO 4 1 48 74 . 8 " " " 2 5 . 4  
83 1 2 . 00 4 7 . 6  6 ABCDEF 3858 1 0 . 1 50 604 1 92 . 1  " " " 2 5 . 4  

<• CODE : A tl C D E F 
0 . 3 0. I 0 03 0 . 0 1  0 003 0 . 001  



f--' 
0 

I 

f--' 
N 
� 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  O .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
( MD )  ( SECT I ONS ) ( % )  ( FT . ) 

0 . 3  1 37 1 0 .4  32 

0 . 1 1 8 5 9 . 0 46 

0 . 03 1 6 1  7 .4 60 

0 . 0 1  1 28 6 . 0  78 

0 . 003 1 83 5 . 5 8 5  

0 . 00 1  1 0  5 . 0 1 00 

804 

TABLE 1 0- 1 05 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Nort hern Great P l a i ns-W i I I i ston 
SUBBAS I N : 1 5 
FORMAT I ON :  Greenhor n ,  Car l i l e , Eag l e  

DEPTH C FT . ) :  1 68 5  
PRESSURE C PS I A ) : 72 5 
TEMPERATURE ( ° F ) : 8 9  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

6 1 3 . 96 470 0 . 45 0 .30 0 . 90 

1 03 1 . 35  789  0 . 4 5  0 . 2 5  0 . 90 

962 . 59 6 93 0 . 45  0 . 20 0 . 90 

806 . 67 58 1 0 . 4 5  0 . 20 0 . 90 

1 1 52 . 05 778 0 . 45 0 .  1 5  0 . 90 

67 . 33 42 0 . 4 5  o .  1 0  0 . 90 

4635 . 3353 



TABL E  1 0- 1 06 

WE L L  P RO D UC T I ON S U M MA R Y-- B A S E  C AS E  

N G P-W I L L I S T O N ,  G R E E N HO R N  + C A R L I L E  + E A G L E  

G A S  P R O D UC T I O N  C M MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . o oo o 1  C M D )  
Y E A R  

1 1 8 7  1 7 1  1 2 1  9 0  5 2  3 4  

........ 
0 2 1 3 9 1 1 9 7 5  5 1  2 8  1 8  

I ........ 
w 

0 

5 1 0 8  8 3  5 1  3 2  1 7  1 0  

1 0  8 8  6 7  3 8  2 5  1 2  7 

1 5  7 4  5 9  3 4  2 1  1 0  6 

2 0  6 5  5 4  3 1  1 8  9 5 

3 0  5 0  4 5  2 7  1 6  8 4 

3 0 - Y E A R 
C UM M . 
P R OD • 2 4 6 0 2 0 1 5  1 2 1 6  7 7 5  4 0 7  2 4 6 

( M M C F ) 



TABLE  l 0 - 1 07 

W E L L P R OD UC T I ON S U M MA R Y--AD V A N C E D  C A S E  

N G P -W I L L I S TO N ,  G R E E N H O R N  + C A R L I L E + E A G L E  

G A S  P RO D UC T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( "0 )  
Y E A R  

1 2 6 6  2 6 3  2 4 7 2 1 1 1 5 4  1 0 9 

I-' 2 1 9 9  1 8 3  1 8 2  1 4 1  9 6  6 5  
0 

I 

I-' 

w 5 1 4 9 1 2 9  1 2 7 9 5 5 9  4 0  
I-' 

1 0  1 2 0 1 0 1  9 9  7 1  4 2  2 8  

1 5  1 0 5  8 7  8 5  6 1  3 6  2 2  

2 0  9 4 7 8 -7 7  5 4  3 2  2 0  

3 0  7 8  6 7  6 6  4 5  2 6  1 6  

3 0-Y E A R 
C U M M . 
P R O D . 3 5 0 1  3 0 2 5  2 9 5 9  2 1 6 7  1 3 4 7  8 76 

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 

I-' ( MD )  ALL GAS ! MAX=4 l 
0 

I 

I-' 
w . 3  1 . 4 26 1 . 426 
N 

• 1 2 .  1 67 2 .  1 67 

. 03 3 . 625 3 . 62 5  

. 0 1  5 . 987 4 

. 003 1 0 . 69 1  4 

.00 1 1 7 . 585  4 

TABLE 1 0- 1 08 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 5  
FORMAT I ON :  Greenhorn + Ca r l i l e + Eag l e  

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WEL LS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS ! MAX= 1 2 l  

470 1 . 003 1 . 003 

789 1 . 443 1 . 443 

693 1 . 490 1 . 490 

388 2 . 1 44 2 . 1 44 

29 1 3 . 230 3 . 230 

1 0  4 . 9 58 4 . 9 58 

264 1 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

( BC F ) 

470 

789  

693 

58 1 

778  

42 

3353 



f-J 
0 

I 

f-J 
w 
w 

TABLE l 0- l  09 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fracture ] 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 5  
FORMAT I ON :  Green horn + Ca r l i l e + Eag l e  

Ad va nced Ca se ! 2000/4000 Ft . Fract u r e ]  

Surface Eq u i pment ( $/We l l )  

Annua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

7 5 , 000 

5 5 , 2 1 5  

84 , 000 - 203 , 000 
1 06 , 000 - 750 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



1--' 
0 

I 

1--' 
w 
""" 

OAS I N  Nor thern Grea t P l a i ns -w i l l i s ton 

SUB BAS I N  1 5 

PROF I T . K-LEVELS 
GAS PR I CE PROS P .  O N  STREAM 

CASE NO . VMCF __ %_ NO . VALUE * 

D i scou n t  Ka le 1 �£ 
1 2 1 5 1 1 1  I .  50 26 . 4  3 ABC 

21 2 . 50 3 3 . 3  4 ABCO 
3 1  3 .  1 0  42 . 5  5 ABCO 
41  3 . 50 42 . 5 5 ABCO 
5 1  5 . 00 42 . 5  5 ABCD 
6 1  7 . 00 42 . 9 6 ABCOEF 
71 9 . 00 42 . 9 6 ABCOEF 
81 1 2 . 00 42 . 9  6 ABCOEF 

O i "coun t Ra te I� 
1 2  I . 50 26 . 4  3 ABC 
22 2. 50 33 . 3  4 ABCD 
32 3 .  1 0  33 . 3  4 ABCO 
42 3 . 50 3 3 . 3  4 ABCO 
52 5 . 00 42 . 5  5 ABC DE 
62 7 . 00 42 . 9  6 ABCOEF 
72 9 . 00 42 . 9  6 ABCDEF 
82 1 2 . 00 42 . 9  6 ABCOEF 

D i scount  Ra te 20% 
1 3  I .  50 26 . 4  3 ABC 
23 2 . 50 3 3 . 3 4 ABCO 
33 3 .  1 0  3 3 . 3 4 ABCO 
43 3 . 50 3 3 . 3 4 ABCO 
53 5 .  00 42 . 5 5 ABC DE 
63 7 . 00 42 . 5  5 ABC DE 
73 9 .  00 42 . 9 6 ABCOEF 
83 1 2 . 00 42 . 9 6 ABCOEF 

·� CODE : A 
0 . 

B C D E F 
0 . I 0 . 03 0 . 0 1  0 00) 0 . 00 1  

TABL E  

ECONOM I CS 

FORMAT I ON G reenho rn , C a r l i l e ,  Eag l e  

AVERAGE PER PROSPECT 
E & p GAS NET PRES . OCF  RATE 
I NVEST . PROD . VALUE OF RETURN 

...1!i_ � �M % 

1 43 7  5 . 302 1 57 1 2 . 7  
1 858 6 . 569 9 1 9  22 . 7 
2584 7 . 6 26 1 37 1  25 . 7  
2584 7 . 6 26 1 728 29 . 4  
2584 7 . 6 26 3068 42 . 3  
2603 7 . 64 1  4857 56 . 7  
2603 7 . 64 1  6648 69 . 0  
2603 7 . 64 1  9333  84. 5 

1 437 5 . 302 -93 1 1 2 . 7  
1 858 6 . 569  395  22 . 7  
1 858 6 . 569  7 1 6  28. 4  
1 858 6 . 569  930 3 2 . 0  
2584 7 . 6 26 1 8 1 2  42 . 3  
2603 7 . 64 1  3032 56 . 7  
2603 7 . 64 1  4254 69 . 0  
2603 7 . 641 6088 84. 5  

1 43 7  5 . 302 -23 1 1 2 . 7  
1 858 6 . 569 1 06 22 . 7  
1 858 6 . 569 342 28 . 4  
1 858 6. 569 499 3 2 . 0  
2584 7 . 626 1 1 1 3  42 . 3  
2584 7 . 626 2009 56 . 8  
2603 7 . 64 1  2907 6 9 . 0  
2603 7 . 64 1  4255 84. 5 

1 0 - 1 1 0  

SUMMARY 
TECHNOLOGY Base Case 

DATE J une 1 980 

BAS I N  TOTA LS WELLS 
MAX NO . W I  LOCAT 

GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I  LOCAT DEVE LOPMENT 
AT PR I CE,f!CF G I P  BCF AT PR I CE % Ql!Y. PROD . DRY PROD . TOTAL 

1 997 1 997 392 1 4 . 0  6 1 3  1 00 256 1 022 1 99 1  
2397 25 1 3 365 1 7 . 6 568 1 2 1  355 1 4 1 9  2463 
2695 3 3 1 0  353  22 . 5  5 1 7  1 50 5 1 2  2050 323 1  " " " 22 . 5  

" " " 22 . 5  
2708 3353 352 22 . 7  5 1 5  1 5 1  5 1 5  2061 324 1 " " " 22 . 7 

" " " 22 . 7 

0 0 0 1 4 . 0 0 0 0 0 0 
2397 25 1 3  365 1 7 . 6  568 1 2 1  355 1 4 1 9  2463 

" " " 1 7 . 6  
" " " 1 7 . 6  

2695 33 1 0 353 22 . 5  5 1 7  1 50 5 1 2  2050 32 3 1  
2708 3353  352  22 . 7 5 1 5  1 5 1  5 1 5  2061 324 1 

" " " 22 . 7  
" " " 22 . 7  

0 0 0 1 4 . 0  0 0 0 0 0 
2397 25 1 3  365 1 7 . 6  568 1 2 1  355 1 4 1 9  2463 

" " " 1 7 . 6 
" " " 1 7 . 6  

2695 3 3 1 0  353 22 . 5 5 1 7  1 5C 5 1 2  2050 323 1  " " " 22 . 5 " " " " . 
2 708 3353 352 22 . 7 5 1 5  1 5 1  5 1 5  2061 3241 

" " " 22 . 7  " 



TABLE  1 0 - 1 1 1  

ECONOM I C S  SUMMARY 
BAS I N  No r thern G reat P l a i ns-W i l l i s ton fECHNOLOGY Advanced Case 

SUB BAS I N  1 5 FORMAT I ON G reenhorn, Ca r l i l e, Eagl e DATE June 1 980 

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRES .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF R ETURN GAS RECOVER . MAX RECOV. PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . S/MCF __ %_ NO . VALUE * ...i!:L_ � SM % AT PR I C E  8CF G I P  BCF  AT PR I CE % DRY PROD . DRY PROD . TOTAL 

D i scoun t R a t e  � �� 
1 2 1 52 I I  I .  so 26 . 4  3 ABC 1 670 5 . 302 4 1  1 0 . 5  1 997 1 99 7  3 7 7  1 4 . 0  6 1 3  1 00 1 33 5 3 1  1 376 2 1  2 . 50 33 . 3  4 ABCD 2 1 86 6 .  770 936 20 . 5  2596 2596 384 1 7 . 6  597 1 28 1 92 769 1 686 3 1  3 .  1 0  42 . 5  5 ABC DE 3676 9 . 0 1 9  1 726 24 . 8  3 3 1 0  3 3 1 0  367 22 . 5  538 1 56 330 1 3 1 9  2343 4 1  3 . 50 42 . 5  5 ABCOE 3676 9 . 0 1 9  2 1 85 2 8 . 5  " " " 22 . 5  " " " " " 

5 1  5 . 00 42 . 9  6 ABCDEF 3737  9 . 0 7 1  3908 41 . 2  3353  3353 370 22 . 7  540 1 58 337 1 348 2 384 6 1  7 . 00 42 . 9  6 ABCDEF 3 7 3 7  9 . 07 1  6208 56 . 3  " " " 22 . 7  7 1  9 . 00 42 . 9  6 ABCOEF 3737  9 . 07 1  8508 69 . 4  " " " 
22 . 7  8 1  1 2 . 00 42 . 9  6 ABCOEF 3737 9 . 0 7 1  1 1 958 86 . 2  " " " 22 . 7  

...... D i scoun t Ra te 1�% 
0 1 2  I .  so 26 . 4  3 ABC 1 670 5 . 302 -226 1 0 . 5  0 0 0 0 0 0 0 0 I 1 4 . 0  
...... 22 2 . 50 33 . 3  4 ABCO 2 1 86 6 .  770 352 2 0 . 5  2596 2596 384 1 7 . 6 597 1 28 1 92 769 1 686 
w 3 2  3 .  1 0  33 . 3  4 ABCO 2 1 86 6 .  770 700 2 5 . 7  " " " 1 7 . 6 " " " " " 
Ul 42 3 . 50 42 . 5  5 ABCOE 3676 9 . 0 1 9  1 1 1 6 28 . 5  3 3 1 0  3 3 1 0  367 22 . 5  538 1 56 330 1 3 1 9  2343 5 2  5 . 00 42 . 5 5 ABCOE 3676 9 . 0 1 9  2 296 4 1  . 4 " " " 22 . 5  " " " " " 

6 2  7 . 00 42 . 9  6 ABCOEF 3737  9 . 07 1  3884 56 . 3  3353  3353  370 2 2 . 7  540 1 58 337  1 348 2 384 7 2  9 . 00 42 . 9 6 ABCDEF 3737 9 . 0 7 1  5469 69 . 4 " " " 
22 . 7  " " " 

8 2  1 2 . 00 42 . 9  6 ABCDEF 3737  9 . 0 7 1  7846 86 . 2  " " " 
22 . 7 

D i scount  Ra te 2�� 
1 3  I .  so 26 . 4  3 ABC 1 670 5 . 302 -374 1 0 . 5  0 0 0 1 4 . 0 0 0 0 0 0 23 2 . 50 33 . 3  4 ABCD 2 1 86 6 .  770 28 20 . 5  2596 2596 384 1 7 . 6  597 1 28 1 92 769 1 686 
3 3  3 . 1 0  33 . 3  4 ABCD 2 1 86 6 .  770 285 25 . 7  " " " 1 7 . 6  43 3 . 50 33 . 3  4 ABCD 2 1 86 6 .  770 457  28 . 9  " " " 1 7 . 6  5 3  5 . 00 42 . 5  5 ABC DE 3676 9 . 0 1 9  1 400 41 . 4  3 3 1 0  3 3 1 0  367 22 . 5  367 538 1 56 3 30 2343  63  7 . 00 42 . 9  6 ABCDEF 3737 9 . 07 1  2 5 7 1  56 . 3  3353  3353 370 22 . 7 540 1 58 337 1 348 2384 
73 9 . 00 42 . 9  6 ABCDEF 3737  9 . 07 1  3742 69 . 4  " " " 

22 . 7  83  1 2 . 00 42 . 9  6 ABCDEF 3737  9 . 07 1  5500 86 . 2  " " " 
2 2 . 7  

* COD E :  A 8 C D E F 
0 3 0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 0 0 1  



I-' 
0 

I 
I-' 
w 
0'1 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC� ) :  O .  

AVERAGE PRODUCT I VE 
PERM . AREA 
( MD )  ( S ECT I ONS ) 

0 .3 2 1 6 

0 .  1 594 

0 . 03 702 

0 . 0 1  648 

0 . 003 5 1 3  

0 . 00 1 2 7  

2700 

H/C GAS 
POROS I TY 

( % )  

1 0 .4 

9 . 0  

7 .4 

6 . 0 

5 . 5 

5 . 0 

NET PAY 
TH I CKNESS 

( FT . ) 

1 3  

1 7  

2 1  

25  

28 

35  

TABLE 1 0- 1 1 2  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUBBAS I N :  1 6  

DEPTH ( FT . ) :  1 600 
PRESSURE ( PS I A ) :  690 
TEMPERATURE ( ° F ) : 88 FORMAT I ON :  Car l i l e 

EST I MATED 
GAS I N  PLACE AT 
RESERVO I R  COND . 

( BCF ) 

386 . 53 

1 202 . 9 1  

1 443 . 94 

1 28 6 . 54 

1 04 5 . 49 

62 . 54 

5428 . 

MAX . 
RECOVERABLE 

GAS 
( BCF ) 

297 

924 

1 044 

93 1 

7 09 

40 

3945 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 50 0 . 35  0 . 90 

0 . 50 0 . 3 0  0 . 90 

0 . 50 0 . 25  0 . 90 

0 . 50 0 . 20  0 .90 

0 . 50 0 .  1 5  0 . 90 

0 . 50 o .  1 0  0 . 90 



TABLE  1 0 - 1 1 3  

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

NG P - W I L L I S T Q N ,  C A R L I L E  

G A S  P R O D UC T I O N  C H MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C H O )  
Y E A R  

1 7 0  5 8  3 9  2 7  1 6  1 1  

I-' 
2 5 2  4 0  2 4  1 5  8 6 0 

I 

I-' 
w 
-...I 

5 4 0  2 8  1 6  9 5 3 

1 0  3 3  2 3  1 2  7 3 2 

1 5  2 7  2 0  1 1  6 3 2 

2 0  2 4  1 8  1 0  5 2 1 

3 0  1 9  1 5  8 4 2 1 

3 0 - Y E A R  
C U � M . 
P R O D . 9 2 5 6 8 7  3 9 3  2 3 0 1 2 4  8 0  

( l'i M C F ) 



TAB L E  1 0- 1 1 4  

W E L L  P R O D U C T I ON S U M M A R Y --A D V A N C E D  C A S E  

NG P -W I L L I S T Q N, C A R L I L E  

G A S  P RO D UC T I O N  C MM C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C M D )  
Y E: A R  

1 9 9  8 9  8 0  6 2  4 7  3 5  

I-' 
0 

I 2 7 4  6 2  5 8  4 1  2 9 2 1  
I-' 
w 
(X) 

5 5 5  4 4  4 1  2 8  1 8  1 3  

1 0 4 5  3 4  3 2 2 1  1 3  9 

1 5  3 9  3 0 2 7  1 8  1 1  7 

2 0  3 5  2 6  2 5  1 6  9 6 

3 0  2 9  2 3  2 1  1 3  8 5 

3 0-Y E A R 
C U M M . P R �O . 

C M M F )  
1 3 1 6 1 0 3 3  9 5 7 6 4 3  4 1 0 2 8 4  



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY USED 

I-' C MD )  ALL GAS [ MAX=4 1 
0 

I 

I-' 
w 
1..0 . 3  1 . 485 1 . 485 

• 1 2 . 262 2 . 262 

. 03 3 . 785 3 . 785  

. 0 1  6 . 243 4 

. 003 1 1 .  1 4  7 4 

. 00 1  1 8 . 324 4 

TABLE 1 0- 1 1 5  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  1 6  
FORMAT I ON :  Ca r l i l e 

RECOVERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
C BC F ) ALL GAS 

297 1 . 045 

924 1 . 505 

1 044 1 .  553  

597  2 . 2 33 

255  3 . 363 

9 5 . 1 62 

3 1 26 

ADVANCED 
NUMBER OF  

WELLS/SECT I ON 
ACTUALLY USED 

[ MAX= 1 2 1  

1 .  045 

1 . 505 

1 .  5 53 

2 . 233 

3 . 363 

5 . 1 62 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

C BCF ) 

297 

924 

1 044 

9 5 1 

709 

40 

394 5  



t-' 

0 

I 

t-' 
.1::> 

0 

TABLE 1 0- 1 1 6  

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and  Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fracture ! 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUB-BAS I N :  1 6  
FORMAT I ON :  Ca r l i l e 

Advan ced Ca se ! 2000/4000 Ft . Fracture ! 

Surface  Eq u i pment ( $/We I I )  

An nua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of Cost to 

'.'J . I • Gas Revenue 

7 5 , 000 

53 1 302 

84 , 000 
1 06 , 000 - 27 5 , 000 

1 0 3 , 000 

7 , 200 

. 05 1 8  



BAS I N  Northern G reat P l a i ns -w i  I I  i s ton 

SUB BAS I N  1 6 

PROF I T . K -LEVELS 
GAS PR I CE PROS P . ON STREAM 

CASE NO. VMCF _L_ NO .  VALUE * 

D i scoun t Ra te  1 �/o 
l 2 l 6 i l l  l .  50 1 5 . 8 2 AB 

2 1  2 . 50 26 . 9 3 ABC 
3 1  3 . 1 0  26 . 9 3 ABC 
4 1  3 . 50 26 . 9 3 ABC 
5 1  5 . 00 3B . 4 4 ABCD 
6 1  7 . 00 47 . 0  5 ABC DE 
7 1  9 . 00 47 . 0 5 ABCDE 
B l  1 2 . 00 47 . 4 6 ABCDEF 

1-' 
D i scount Ra te 1 �/o 

0 

I 1 2  l .  50 4 . 3 l A 
1-' 22 2 . 50 l 5 . B 2 AB 
"""' 3 2  3 . 1 0  26 . 9  3 ABC 
1-' 42 3 . 50 26 . 9  3 ABC 

52 5 . 00 3 B . 4 4 ABCD 
6 2  7 . 00 3 B . 4 4 ABCD 
72 9 . 00 47 . 0 5 ABC DE 
B2 1 2 . 00 47 . 4 6 ABCDEF 

D i scount  Ra te 2�/o 
1 3  l .  50 0 0 
23 2 . 50 1 5 . B  2 AB 
3 3  3 . 1 0  l 5 . B 2 1\B 
43 3 . 50 26 . 9 3 ABC 
5 3  5 . 00 26 . 9 3 ABC 
6 3 7 . 00 3 B . 4 4 ABCD 
73 9 . 00 3B . 4 4 ABCD 
8 3  1 2 . 00 47 . 0 5 ABC DE 

* CODE : A B C D E F 
0 . 3 0 .  I 0 03 0 . 0 1  0 003 0 . 00 1  

FORMAT I ON C a r l i l e 

AVERAGE PER PROSPECT 
E & P 
I NVEST . 

...ilL_ 

l B36 
3707 
3707 
3 707 
5 776 
754B 
7548 
7593 

797 
l B3 6  
3 707 
3 707 
5776 
5 776 
7548 
7593 

583 
l B36 
l B3 6  
3 7 0 7  
3 7 0 7  
5 776 
5776 
7548 

GAS 
PROD . 

....!!ff_ 

3 . 4 1 0  
6 .  l i B  
6 .  l i B  
6 .  l i B 
8 . 395 
9 . 43 7 
9 . 43 7 
9 . 454 

. 744 
3 . 4 1 0  
6 . 1 1 8 
6 .  l i B  
B . 395 
8 . 395 
9 . 437 
9 : 454 

-
3 . 4 1 0  
3 . 4 1 0  
6 .  l i B 
6 .  l i B 
B . 395 
B . 395 
9 . 43 7  

NET  PRES . 
VALUE 
�M 

-40B 
- 1 39 

299 
59 1 

1 748 
349B 
5622 
8807 

-375 
-234 
- 1 6 7  

29 
659 

1 946 
3 1 47 
5 2B 7  

-382 
-355 
-237 
-259 

273 
l 0 2B 
1 960 
3 3 74 

TABL E  

ECONOM I CS 

DCF RATE 
OF RETURN 

% 

2 . B  
B . 6  

1 2 . 7  
15 . 3 
2 1 . 2  
2B . 4  
3 9 . 4  
54.B 

0 
9 . 9  

1 2 . 7  
1 5 . 3  
2 1 . 2  
3 3 . 0  
3 9 . 4  
5 4 . 8  

0 
9 . 9  

l 3  . 5  
1 5 . 3  
24 . 6  
3 3 . 0  
44. 2 
5 5 . 0 

1 0- 1 1 7  

SUMMARY 
TECHNOLOGY Base Case 

DATE Jyn� l�8Q 

BAS I N  TOTA LS WELLS 
MAX NO . W I LDCAT 

GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
AT PR. I CE,8CF  G I P  BCF AT PR I CE % DRY f!iQQ.. Q.B! PROD . TOTAL 

0 0 0 B . 4 0 0 0 0 0 
I I  I I  I I  1 4 . 3 I I  I I  I I  I I  I I  

2266 2266 370 1 4 . 3 594 1 00 1 045 4 1 78 59 1 7  
I I  I I  I I  1 4 . 3 I I  I I  I I  I I  I I  

2B62 3 1 96 3 4 1  20 . 5 50B 1 3 1 1 600 6400 B639 
3 1 1 6  3905 330 25 . l 463 1 55 2079 8 3 1 7  1 1 0 1 5 

I I  I I  I I  25 . l I I  I I  I I  I I  

3 1 2 5 3945 330 25 . 3  462 1 57 2095 B377 1 1 09 1  

0 0 0 2 . 3 0 0 0 0 0 
I I  I I  I I  B . 4 
I I  I I  I I  1 4 . 4 

2266 2266 370 1 4 . 4  594 1 00 1 045 4 l 7B 59 1 7  
2B62 3 i 96 34 1  20 . 5 50B 1 3 1 1 600 6400 8639 

I I  I I  I I  20, 5 I I  I I  I I  I I  I I  

3 1 1 6  3905 3 30 25 . l 463 1 5 5 2079 8 3 1 7 1 1 0 1 5  
3 1 2 5  3945 I I  25 . 3  462 1 59 2095 8377 1 1 09 1 

0 0 0 0 0 0 0 0 0 
I I  I I  I I  B . 4 
I I  I I  I I  B . 4 
I I  I I  I I  1 4 . 4 

2266 2266 370 1 4 . 4 594 1 00 I 045 4 l 7B 59 1 7  
2B62 3 1 96 3 4 1 20 . 5 50B 1 3 1  1 600 6400 B639 

I I  I I  I I  20 . 5 I I  I I  I I  I I  I I  

3 1 1 6  3905 330 25 . l 463 1 55 2079 B3 l 7  1 1 0 1 5 



TAB L E  1 0- 1 1 8  

ECONOM I CS SUMMARY 
BAS I N  Northern Great P l a i ns-W i l l i s ton TECHNOLOGY Advanced Case 

SUB BAS I N  1 6  FORMAT I ON Carl i l e DATE J une � 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO.  W I LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI LOCAT DEVELOPMENT 
CASE NO .  �/HCF __ %_ NO. VALUE * ...w._ ....lli_ �M % AT PR I C E  ,tCF G I P  BCF AT P R I C E  '& Q!r!. �- DRY PROD . !.QI& 
D i scoun t Rate 1 0% 
1 2 1 621 1  I .  so 1 5 . 8  2 AB 1 77 4  3 . 4 1 0  - 366 4 . 0  0 0 0 8 . 4  0 0 0 0 0 2 1  2 . 50 26 . 9  3 ABC 3 1 88 6 . 1 1 8 2 1 4  1 2 . 0  2266 2266 370 1 4 . 4  594 1 00 53 1  2 1 25 3350 3 1  3 . 1 0  3 8 . 4  4 ABCD 5 340 8 . 862 7 3 1  1 4 . 8  3 1 96 3 1 96 3 6 1  20 . 5  5 3 7  1 39 893 3 5 7 1  5 1 39 

4 1  3 . 50 38 . 4  4 ABCD 5 340 8 . 862 1 1 6 1  1 7 . 6  " " " 20 . 5 " " " " " 
5 1  5 . 00 4 7 . 0  5 ABC DE 8 1 34 I I .  1 2 3  2967 24 . 5  3805 3905 3 5 1  25 . 1  492 1 65 1 344 5 375 7376 
6 1  7 . 00 4 7 . 4  6 ABCDEF 8245 1 1 . 1 85 5698 3 7 . 4  3945 3945 353 25 . 3  493 1 67 1 370 5475 7504 
7 1  9 . 00 4 7 . 4  6 ABCDEF 8245 1 1 . 1 85 8437 49 . 8  " " " 2 5 . 3 " " " " 
8 1  1 2 . 00 4 7 . 4  6 ABCDEF 8245 1 1 . 1 85 1 2546 66 . 4  " " " 2 5 . 3  

I-' 
0 D i scount  Ra te l�k 

I 1 2  I .  50 1 5 . 8  2 AB 1 774 3 . 4 1 0  -496 4 . 0  0 0 0 8 . 4  0 0 0 0 0 
I-' 22 2 . 50 1 5 . 8 2 AB 1 774 3 . 4 1 0  -2 1 7  1 0 . 6  " " " 8 . 4 " " " " " 
""' 3 2  3 . 1 0  26 . 9  3 ABC 3 1 88 6 . 1 1 8 87  1 6 .  I 2266 2266 370 1 4 . 4  594 1 00 5 3 1  2 1 25 3350 
N 42 3 . 50 26 . 9  3 ABC 3 1 88 6 . 1 1 8 285 1 8 . 7  " " " 1 4 . 4  " " " " " 

52 5 . 00 38 . 4  4 ABCD 5340 8 . 862 1 36 3  2 7 . 8  3 1 96 3 1 96 36 1 20 . 5  537  1 39 893 3 5 7 1  5 1 39 
62 7 . 00 4 7 . 0  5 ABC DE 8 1 34 1 1 .  1 2 3 3 1 57 37 . 6  3905 3905 3 5 1  2 5 .  1 492 1 65 1 344 5375 7375 
72 9 . 00 4 7 . 4  6 ABCDEF 8245 1 1 . 1 85 5008 49 . 8  3945 3945 3 5 3  2 5 . 3  493 1 67 1 370 5475 7504 
8 2  1 2 . 00 4 7 . 4  6 ABCDEF 8245 1 1 .  1 85 7787 66 . 4  " " " 2 5 . 3  " " " 

D i scount  Rate 20% 
0 0 1 3  1 . 50 1 5 . 8  2 AB 1 774 3 . 4 1 0  -562 4 . 0  0 0 0 8 . 4  0 0 0 

23 2 . 50 1 5 . 8  2 AB 1 774 3 . 4 1 0  - 359 1 0 . 6  " " " 
8 . 4  

3 3  3 .  1 0  1 5 . 8  2 AB 1 774 3 . 4 1 0  -238 1 4 . 0  " " " 
8 . 4  

43 3 . 50 26 . 9  3 ABC 3 1 88 6 . 1 1 8 -68 1 8 . 7  " " " 
1 4 . 4  

53  5 . 00 38 . 4  4 ABCD 5340 8 . 862 6 1 0  2 7 . 8  3 1 96 3 1 96 361  20 . 5  537  1 39 89l 357 1  5 1 39 
6 3  7 . 00 4 7 . 0  5 ABC DE 8 1 34 1 1 . 1 23  "1 790 3 7 . 6  3905 3905 3 5 1  25 . 1  492 1 65 1 344 5373  7 375 
73 9 . 00 4 7 . 4  6 ABCDEF 8245 1 1 .  1 85 3 1 29 49 . 8  3945 3945 353 25 . 3  493 1 67 1 370 5475 7504 
83 4 7 . 4  6 ABCDEF 8245 1 1 . 1 85 5 1 47 66 . 4  " " " " " " " 1 2 . 00 25 . 3  

* CODE : A B C D E F 
0 . 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1 



1-' 
0 

I 

1-' 
""' 
w 

TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) :  O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
<MD ) ( SECT I ONS ) < % > ( FT . ) 

0 . 3  385 1 4 . 6  27 

o . 1 385 1 2 . 0  30 

0 . 03 257 1 0 . 0  3 5  

0 . 0 1  1 92 7 . 0  40 

0 . 003 6 1  4 . 5  40 

0 . 0 0 1  3 2 . 0  40 

1 283 

TABLE 1 0- 1 1 9  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Nort hern Great P I  a i ns-W i I I i ston  
SUBBAS I N : 1 7  
FORMAT I ON :  N i obrara 

DEPTH ( FT . ) :  2700 
PRESSURE ( PS I A ) : 1 1 50 
TEMPERATURE ( ° F ) : 1 04 

FOR EACH DR I Ll l NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I I� PLACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I V E 1 st W/C 2nd  W/C 

32 1 0 . 9  2467 . 20 . 30 • 90 

2933 . 3  2253 . 20 . 2 5  . 90 

1 903 . 9  1 376 . 20 . 20 • 90 

1 1 37 . 8  822 . 20 • 1 5  . 90 

232 . 4  1 74 . 20 • 1 5  . 90 

5 .  1 3 . 20 • 1 0  . 90 

9423 . 7095 



TABL E  1 0- 1 20 

W E L L  P RO D U C T I ON S U M M A R Y--B A S E  C A S E  

N G P -W I L L I S T ON,  N I O B R A R A  

G A S  P R O D UC T I O N  C M MC F / Y E AR / WE L L )  

K • 0 . 3  0 . 1  0 . 0 3  0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C MO )  
Y E A R  

1 3 6 4  2 5 4  1 6 2  9 9  4 4  1 7 

I-' 
2 2 7 1  1 7 7 1 00 5 7 2 4 9 0 

I 
I-' 
""" 
""" 

5 2 1 0 1 2 3  6 8  3 7 1 4 5 

1 0  1 7 1  1 0 0 5 1 2 7  1 1  4 

1 5  1 4 5  8 8  4 5  2 3 9 3 

2 0  1 2 7  8 0  4 1 2 0  8 3 

3 0  9 9  6 7  3 6  1 8  7 2 

3 0 - Y E A R  
C U M M . 
P R OD . 4 8 1 6 2 9 8 9  1 6 1 9 8 5 9  3 5 5  1 3 4  

C M M C F ) 



TAB LE 1 0- 1 2 1 

W E L L  P RO D U C T I ON S U M M A R Y--A D V A N C E D  C A S E  

N G P -W I L L I S T O N #  N I O B R A R A  

G A S  P RO DU C T I O N  ( MM C F / Y E A R / WE L L )  

o . o 1  K • 0 . 3 0 . 1 
Y E A R  

0 . 0 3 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

1 5 1 8  3 90 3 2 9  2 3 6 1 3 8  6 1  

....... 
0 

2 3 8 7  2 7 2  2 4 2 1 5 7  8 4  3 4  I ....... 
� 

U1 

5 2 9 0  1 9 1  1 7 0 1 0 4 5 1  2 0  

1 0  2 3 5  1 5 0 1 3 2  7 9  3 7  1 4  

1 5 2 0 5  1 2 9  1 1 4  6 8  3 1  1 2  

2 0  1 8 4  1 1 7 1 0 3  6 0  2 7  1 0  

3 0  1 5 2 1 0 0  8 8  5 0  2 2  8 

3 0- Y E A R 
C U M M . 
P R O D . 6 8 3 6 4 4 8 7  3 9 4 2  2 4 0 2  1 1 7 0  4 6 5  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY US ED 

....... (MD ) ALL GAS ! MAX=4 l 
0 
I ....... 

.!::> 

0'1 0 . 3  1 . 3 1 . 3 

0 . 1 2 . 0 2 . 0 

0 . 03 3 . 3 3 . 3 

0 . 0 1  5 . 0 4 . 0 

0 . 003 8 . 0 4 . 0 

0 . 00 1 7 . 9 4 .0 

TABLE 1 0 - 1 2 2  

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Northern Great P I  a i ns/W i I I i ston 
SUBBAS I N : 1 7  
FORMAT I ON :  N i obrara 

RECOVERABLE NUMBER OF 
GAS FROM WEL LS/S ECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

2467 1 . 0 

2253 1 . 3  

1 376 1 . 4  

660 1 . 8 

87 2 . 4 

2 2 . 3 

684 5 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WEL LS/S ECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

! MAX= I 2 1  ( BCF ) 

1 . o 2467 

1 . 3  2253 

1 . 4 1 376 

1 .8 822 

2 . 4 1 73 

2 . 3 3 

7094 



...... 
0 

I ...... 
� 
-J 

TABLE 1 0- 1 23  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Northern Great P l a i n s/W i I I i ston 
SUBBAS I N :  1 7 
FORMAT I ON :  N i obrara 

Geo l ogy a n d  Geop h ys i cs ( $ /Pros pect ) 

Dr i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $ /We i I )  

Base Case [ 1 000 Ft . Fracture ]  
Ad van ced Case  1 2000/4000 Ft . Fracture]  

S urface Eq u i pment ( $/We i I )  

Ann ua l O perat i ng Expense ( $ /We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

7 5 , 000 

84 , 1 2 1  

83 , 7 50 
1 06 , 250 - 27 5 , 000 

1 03 , 000 

7 , 200 

0 . 05 1 8  



...... 
0 
I 

...... 
""' 
co 

BAS I N  �g[tb�rc Gr�at elaio5:Wil1i�tgo 
SUB BAS I N  1 7  FORMAT I ON N i obrara 

AVERAGE PER PROSPECT 
PROF I T . K -LEVELS E & p GAS NET PRES . 

GAS PR I C E  PROS P .  O N  STREAM I NVEST . PROD . VALUE 
CASE NO . VMCF __:__x__ NO . VALUE * _w_ � �M 

D i scoun t Rate  1 0".(, 
1 2 1 7 1 l l  I .  SO 1 7 . 9  4 ABCD 1 1 7 2 4. 023 60 

21  2 . 50 1 7 . 9  4 ABCD 1 1 7 2  4 . 023 544 
3 1 3 . 1 0  1 9 . 3 5 ABCDE 1 290 4 . 203 83 1 
41 3 . 50 1 9 . 3  5 ABCDE 1 290 4 . 203 1 03 2  
5 1  5 . 00 1 9 . 3 5 ABC DE 1 290 4 .  203 1 786 
6 1  7 . 00 1 9 . 3 5 ABCDE 1 290 4 .  203 2793 
7 1  9 . 00 1 9 . 3  5 ABC DE 1 290 4. 203 3800 
8 1  1 2 . 00 1 9 . 3 5 ABC DE 1 290 4 . 203 53 1 0  

D i scou n t  Ra te I� 
12 I .  50 1 7 . 9 4 ABCD 1 1 72 4 . 023 - 1 3 5  
2 2  2 . 50 1 7 . 9  4 ABCD 1 1 72 4. 023 1 95 
32 3 . 10 1 7 . 9  4 ABCD 1 1 72 4. 023 394 
42 3 . 50 1 9 . 3 5 ABC DE 1 290 4. 203 5 1 9  
5 2  5 . 0 0  1 9 . 3 5 ABC DE 1 290 4 . 203 1 03 5  
62 7 . 00 1 9 . 3  5 ABC DE 1 290 4. 203 1 72 2  
72 9 .  00 1 9 . 3  5 ABC DE 1 290 4 . 203 2409 
82 1 2 . 00 1 9 . 3 5 ABC DE 1 290 4. 203 3439 

D i scount  Ra te 20% 
1 3  I .  50 1 5 . 0  3 ABC 955 3 . 254 -227 
23 2 . 50 1 7 . 9  4 ABCD 1 1 72 4. 023 - 1 1 4  
33 3. 10 1 7 . 9  4 ABCD 1 1 72 4. 023 144 
43 3 . 50 1 7 . 9  4 ABCD 1 1 7 2 4 . 023 241 
53 5 . 00 1 9 . 3  5 ABC DE 1 290 4 . 203 609 
63 7 . 00 1 9 . 3 5 ABCDE 1 290 4 .  203 1 1 1 4 
73 9 . 00 1 9 . 3  5 ABCDE 1 290 4. 203 1 6 1 9  
83 1 2 . 00 1 9 . 3 5 ABC DE 1 290 4 . 203 2376 

B C D E F * CODE : A 
0 . 0 . I 0 . 03 0 . 0 1  0 . 003 0 0 0 1  

TAB L E  

ECONOM I C S  

D C F  RATE 
OF RETURN 

% 

1 1 . 2 
1 9 . 9  
23 . 9  
26 . 8  
36 . 5 
47 . 4 
5 6 . 8  
6 8 . 8  

1 1 . 2 
1 9 . 9  
24 . 5 
26 . 8  
36 . 5  
47 . 4  
56 . 8  
68 . 8  

1 1 .  1 
1 9 . 9  
24. 5 
2 7 . 3 
36 . 5  
47 . 4  
56 . 8  
68 . 8  

1 0- 1 2 4 

SUMMARY 
TECHNOLOGY Base Case 

DATE Seetember 19�Q 

BAS I N  TOTALS WELLS 
HAX NO. W I LDCAT 

GAS RECOVER . HAX RECOV. PROSP . SUCCESS  W I LDCAT DEVE LOPMENT 
AT PR I C E  ,8C F  G I P  BCF  AT  PR I CE % DRY PROD . DRY PROD . TOTAL 

�756 �9 1 8  ,1,679 9 . 2  ,1,973 .�oD �87 2746 6707 
9 . 2 " " 

684 3 7091 1 628 9 . 9  286 1 3 1 4  8 1 7  3271 7262 " " " 
9 . 9 " " " " " 

" " " 9 . 9  " " " 9 . 9  
" " " 9 . 9  
" " " 9 . 9  

0 0 0 9 . 2 0 0 0 0 " " " 9 . 2 " " " " 
6756 69 1 8  1 6 79 9 . 2 2973 300 687 2746 6707 " " " 9 . 9  " " " " " 
684 3 709 1 1 628 9 . 9  286 1 3 1 48 8 1 7  3271  7262 " " " 9 . 9  
" " " 9 . 9  
" " " 9 . 9  

0 0 0 7 . 7  0 0 0 0 0 
0 0 0 9 . 2  0 0 0 0 0 
6756 69 1 8  1 679 9 . 2  2973 300 687 2746 6707 " " " 9 . 2  " " " " " 
684 3 7091 1 628 9 . 9  286 1 3 1 4  81 7 32 7 1  7262 " " " 

9 . 9  
" " " " " 

" " " 
9 . 9  " " " 
9 . 9  



I-' 

0 

I I-' .t;:. 
1.0 

BAS I N  Northern G reat P l a i ns-W i  I I  i s ton 

SUB BAS I N  1 7  

PROF I T . K -LEVELS 
GAS PR I C E  PROS P .  O N  STREAM 

CASE NO . VMCF __ %_ NO . VALUE '� 

D i scoun t Rate l �k 
1 2 1 72 I I  I .  50 1 7 . 9  4 ABCD 

2 1  2 . 50  1 9 . 3  5 ABCDE 
3 1  3 . 1 0  1 9 . 3  5 ABC DE 
4 1  3 . 50 1 9 . 3  5 ABC DE 
5 1  5 . 00 1 9 . 3  5 ABC DE 
6 1  7 . 00 1 9 . 3 5 ABC DE 
71 9 . 00 1 9 . 3  5 ABC DE 
8 1  1 2 . 00 1 9 . 3  5 ABC DE 

D i scount Rate  l �k 
1 2  I .  50 1 7 . 9 4 ABCD 
22 2 . 50 1 9 . 3  5 ABC DE 
32 3 . 1 0  1 9 . 3  5 ABC DE 
42 3 . 50 1 9 . 3  5 ABC DE 
52 5 . 00 1 9 . 3  5 ABC DE 
62  7 . 00 1 9 . 3  5 I ABCDE 
72 9 . 00 1 9 . 3  5 ABC DE 
82 1 2 . 00 1 9 . 3  5 ABCDE 

D i scount Rate 20% 
1 3  I .  50 1 7 . 9 4 ABCD 
23 2 . 50 1 9 . 3  5 ABC DE 
33 3 .  1 0  1 9 . 3  5 ABC DE 
43 3 . 50 1 9 . 3  5 ABC DE 
53 5 . 00 1 9 . 3  5 ABC DE 
63  7 . 00 1 9 . 3  5 ABC DE 
73 9 . 00 1 9 . 3  5 ABC DE 
83 1 2 . 00 1 9 . 3  5 ABC DE 

1< CODE : A 0 . B C D E F 
0 .  I 0 . 03 0 . 0 1 0 . 003 0 0 0 1  

FORMAT I ON N i ob ra ra 

AVERAGE PER PROSPECT 
E & p GAS NET PRES . 
I NVEST . PROD . VALUE 
....itL_ � �M 

1 1 97 4 . 025 83 
1 32 3  4 . 304 629 
1 323 4 . 304 958 
1 323 4 . 304 1 1 77 
1 323 4 . 304 1 999 
I 323 4 . 304 3096 
1 323 4 . 304 4 1 92 
1 323 4 . 304 5836 

1 1 9 ,  4 . 025 - 1 33 
1 323 4 . 304 2 36 
1 323 4 . 304 463 
1 323 4 . 304 6 1 4  
1 323 4 . 304 1 1 83 
1 32 3  4 . 304 1 940  
1 323 4 . 304 2698 
1 323 4 . 304 3835 

1 1 97 4 . 025 -256 
1 323 4 . 304 1 2  
1 323 4 . 304 1 8 1  
1 323 4 . 304 293 
1 323 4 . 304 7 1 5  
1 323 4 . 304 1 278 
1 323 4 . 304 1 840 
1 326 4 . 304 2684 

TAB LE  1 0- 1 25 

ECONOM I C S  S UMMARY 
TECHNOLOGY Advanced Case 

DATE September 1 980 

BAS I N  TOTA LS WELLS 
DCF RATE MAX NO . W I LDCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
% AT PR I C E  BCF G I P  BCF  AT PR I CE % DRY PROD . DRY PROD . TOTAL 

1 1 . 5  691 8  691 8  1 7 1 9  9 . 2 3044 308 337 1 349 5037 20 . 3  7091  709 1 1 64 7  9 . 9  2895 3 1 8  4 1_1 1 66?, 529?, 25 . 0  " " " 9 . 9 " " 
28 . 0  " " " 9 . 9 
38 .  I " " " 9 . 9  
49 . 6  " " " 9 . 9 
59 . 6  " " " 9 . 9 " 
72 . 6  " " " 9 . 9 

I I .  5 0 0 0 9 . 2  0 0 0 D 0 
20 . 3 709 1 709 1  1 647 9 . 9 2895 3 1 8  4 17 1 66(, 529(, 
2 5 . 0  " " " 9 . 9 " " " 
28 . 0 " " " 9 . 9  
38 . I " " " 

9 . 9  
49 . 6  " " " 

9 . 9  
59 . 6  " I I  " 

9 . 9  
72 . 6  " " " 

9 . 9  

I I  . 5 0 0 0 9 . 2 (\ 0 0 0 0 
20 . 3 709 1 7091 1 64 7  9 . 9  2895 3 1 8  4 1 7  1 665 5295 
25 . 0 " " " 9 . 9 " " " " I I  

28 . 0 " " " 9 . 9 
38 . I I I  " " 

9 . 9  
49 . 6 " " " 

9 . 9  
59 . 6 " " " 

9 . 9 
72 . 6 " " " 

9 . 9  



1-' 
0 

I 
1-' 
Ul 
0 

TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B I a n ket 

NGL ( BBL/MMCF ) :  O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) ( S ECT I ONS ) < % > ( FT . ) 

0 .3 1 1 8 1 0 . 4 28 

0 . 1 1 92 9 . 0 36 

0 . 03 1 63 7 . 4 46 

0 . 0 1  1 30 6 . 0 6 5  

0 . 003 20 1 5 . 5 72  

0 . 00 1 1 1  5 . 0 85  

8 1 5  

TABLE 1 0- 1 26 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUBBAS I N :  1 8  

FORMAT I ON :  Car l i l e , Eag l e  

DEPTH ( FT .  ) : 1 400 
PRESSURE < PS I A ) :  600 
TEMPERATURE ( ° F ) : 86 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERABLE THAT STATE OF PRODUCT I V E ,  G I V EN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BC F )  ( BC F )  PRODUCT I VE 1 st W/C 2 n d  W/C 

389 . 93 278 0 .40 0 .30 0 . 90 

705 . 94 503 0 . 40 0 . 25  0 . 90 

629 . 65 422 0 . 40 0 . 20 0 . 90 

5 7 5 . 34 38 5 0 .4 0  0 .  1 5  0 . 90 

903 . 09 567 0 . 4 5  0 .  1 5  0 . 90 

53 . 0 5  3 1  0 . 4 5  0 .  1 0  0 . 90 

3257 . 2 1 86 



TABLE  1 0- 1 2 7 

W E l l P R OD UC T I ON S UM M A R Y-- B A S E  C AS E  

N G P -W I L L I S TO N ,  C A R L I L E  + E AG L E  

G A S P R O D UC T I O N  ( M MC F / YE A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1 
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . o o o o 1 C M D )  

1 1 1 9 9 8  6 6  5 6  3 2  2 1  

2 8 8  6 8  4 2  3 2  1 8  1 1  
I-' 
0 

I 
I-' 5 6 8  4 7 2 9  1 9  1 0  6 
Ln 
I-' 

1 0  5 6  3 8  2 1  1 5  7 4 

1 5  4 8  3 4  1 9 1 2  6 4 

2 0  4 2  3 1  1 7 1 1  6 3 

3 0  3 4  2 6  1 5  9 5 2 

3 0- Y E A R  
C U M M . 
P R O D . 1 5 8 8  1 1 5 5  6 8 2  4 7 7  2 5 5  1 5 5  

( M M C F ) 



TABLE  1 0- 1 28 

W E L L  P R OD U C T I ON S U M M A R Y-- A D V A NC E D  C A S E  

N G P-W I L L I S TO N ,  C A R L I L E  + E A G L E  

G A S  P R O D U C T I O N  ( M � C F I Y E A R / W E L L )  

K • 0 , 3  0 . 1 0 . 0 3 o . o 1  0 , 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 1 6 9  1 5 0 1 3 7 1 2 8  9 6  6 8  

...... 2 1 2 6 1 0 5 1 0 1 8 6  6 0  4 1  
0 

I ...... 
Ul 
I'V 5 9 4  7 3  7 2  5 8  3 7  2 5  

1 0  7 7  5 8  5 5  4 3  2 6  1 7  

1 5  6 7  5 0  4 8  3 7  2 2  1 4  

2 0  6 1  4 5  4 3 3 3  2 0  1 2  

3 0  5 1  3 9  3 7  2 8  1 6  1 0  

3 0 - Y E A R  
C U M � . 
P R O D . 2 2 4 6  1 7 3 7  1 6 6 4  1 3 3 2  8 4 6  5 5 3  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 

1-' ( MD )  ALL GAS I MAX=4 l 
0 

I 
1-' 
Ul 
w . 3  1 . 598 1 .  5 98 

• 1 2 . 446 2 . 446 

. 03 4 . 09 4 . 0 

. o  1 6 . 696 4 . 0  

. 003 1 1 . 948 4 . 0 

. 00 1  1 9 . 563 4 . 0  

TABLE 1 0- 1 29 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Northern Great P I  a i ns-W i I I i ston 
SUB-BAS I N : 1 8  
FORMAT I ON :  Car l i l e +  Eag l e  

RECOVERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WELLS REQO . TO PROOUCE 
( BCF ) ALL GAS 

278 1 .  1 3  

503 1 . 626 

422 1 . 67 8  

230 2 . 403 

1 90 3 . 60 1  

6 5 . 509 

1 629 

ADVANCED 
NUMBER OF  

WEL LS/SECT I ON 
ACTUALLY USED 

I MAX= I 2 J  

1 .  1 3  

1 . 626 

1 . 67 8  

2 . 403 

3 . 60 1  

5 . 509 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WELLS 

( BC F ) 

278 

503 

422 

385 

567 

3 1  

2 1 86 



I-' 
0 

I 

I-' 

lJ1 
� 

TABLE 1 0 - 1 30 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy  a nd Geop hys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ) 

BAS I N : Northern  Great P l a i ns-W i I I i ston 
SUB-BAS I N : 1 8  
FORMAT I ON :  Car l i l e +  Eag l e  

Ad vanced Case [ 2000/4000 Ft . Fracture )  

S urface Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compr essor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Gas Revenue  

7 5 , 000 

49 , 000 

84 , 000 - 1 6 1 , 000 
1 06 , 000 - 606 , 000 

1 03 , 000 

7 , 200 

. 05 1 8  



1-' 
0 

I 
1-' 
Vl 
Vl 

TABl E  1 0- 1 3 1  

ECONOM ICS  SUMMARY 
BAS I N  Nor t he rn G rea t P l a i n s -w i l l i s ton 

SUB BAS I N  1 R FORMAT I ON Ca r l i l e ,  Eag l e  

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T . K-LEVELS E & p 

GAS PR I CE PROSP . ON STREAM I NVEST . 
CASE NO . VMCF __ %_ NO .  VALUE * ...it!.._ 
D i scoun t Ra te l ifk  
1 2 1 8 1 1 1  1 .  50 23. 1 3 ABC 1 789 

2 1  2 . 50 30 . 3  4 ABCD 2244 
3 1  3 .  1 0  30 . 3 4 ABCD 2244 
4 1  3 . 50  30 . 3 4 ABCD 2244 
5 1  5 . 00 40 . 1 5 ABCOE 3 1 73 
6 1  7 . 00 40 . 1  5 ABC DE 3 1 73 
7 1  9 . 00 40 . 5 6 ABCDEF 3 2 1 9  
8 1  1 2 . 00 40 . 5 6 ABCDEF 3 2 1 9  

D i scount  Rate l�l 
1 2  1 .  50 1 6 . 6 2 AB  1 3 1 8  
22 2 . 50 23 . 1 3 ABC 1 789 
32 3 . 1 0  30 . 3 4 ABCD 2244 
42 3 . 50  30 . 3  4 ABCD 2244 
52 5 . 00 40 . 1  5 ABC DE 3 1 73 
62 7 . 00 40 . 1 5 ABC DE  3 1 73 
72 9 . 00 40 . I 5 ABCDE 3 1 73 
82 1 2 . 00 40 . 5  6 ABCDEF 3 2 1 9  

D i scoun t  Rate 2if/o 
1 3  1 .  50 1 6 . 6  2 AB  1 3 1 8  
23 2 . 50 23 . 1 3 ABC 1 789  
3 3  3 . 1 0  30 . 3 4 ABCD 2244 
43 3 . 50 30 . 3 4 ABCD 2244 
53 5 . 00 30 . 3 4 ABCD 2244 
6 3  7 . 00 40 . 1 5 ABC DE 3 1 73 
73 9 . 00 40 . 1 5 ABCDE 3 1 73 
8 3  1 2 . 00 40 . 5 6 ABCDEF 3 2 1 9  

B C D E F '' CODE : A 
0 . 0 .  l 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

GAS NET PRES .  D C F  RATE 
PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 
...lli:._ �M % AT PR I CE &CF G I P  BCF 

4 . 843 - 1 30 7 . 8  0 0 
5. 798 453 1 5 . 8  1 4 1 1 1 589 
5 . 798 859 20 . 6  " " 
5 . 798 1 1 29 23 . 7  " " 
6 . 755 2 1 72 3 1 . 0 1 62 3  2 1 56 
6 . 755 3 722 43 . 9  " " 
6 . 782 5275 54 . 9  1 629 2 1 86 
6 . 782 7608 159 . 2  " " 

3 . 6 1 9  -263 7 . 8  0 0 
4 . 843 76 1 6 . 5  1 202 1 202 
5 . 798  3 20 20 . 6  1 4 1 1 1 589 
5 . 798 502 23 . 7  " " 
6 . 755 1 1 44 3 1 . 0  1 62 3  2 1 56 
6 . 755 2 1 9 1  43 . 9  " " 
6 . 755 3 239  55 . I " " 
6 .  782 48 1 5  69 . 2  1 629 2 1 86 

3 . 6 1 9  -345 7 . 8  0 0 
4 . 843 - 1 24 1 6 . 5  " " 
5 . 798 29 20 . 6  1 4 1 1 1 589 
5 . 798 1 6 2  23 . 7  

" " 
5 .  798 660 34. 2  " " 
6 . 755 1 349 43 . 9  1 62 3  2 1 56 
6 . 755 2 1 1 2  5 5 .  1 

" " 
6 . 782 3 259  69 . 2  1 629 2 1 86 

TECHNOLOGY Base Case 

DATE J une 1 980 

WELLS 
MAX NO . W I LDCAT 
PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 

AT PR I C E  % DRY f!lQQ.. Q..!!Y. PROD . TOTAL 

0 1 2 . 2  0 0 0 0 0 
247 1 6 . 0  

394 75 36 1 1 442 1 6 . 0  2271  " " " " " " 
" 1 6 . 0  " " 

24 1 2 1 . 1  360 96 520 2078 3054 " 2 1 . 1  " " " " " 
240 2 1 . 3  358 97 526 2 1 04 3085 " 2 1 . 3  " " 

0 8 . 8  0 0 0 0 0 
248 1 2 . 2  4 1 4  58 27 1  1 086 1 829  
247  1 6 . 0  394 75 36 1 1 442 2271  " 1 6 . 0  " " " " " 
2 4 1  2 1 . 1  360 96 520 2078 3054 " 2 1 . 1  

" 2 1 . 1  
240 2 1 . 3  358 97 526 2 1 04 3085 

0 8 . 8  0 0 0 0 0 " 1 2 . 2  " " " " 
247 1 6 . 0  394 75 361  1 442 2271  " 1 6 . 0  " " 

" 1 6 . 0  " " 
2 4 1  2 1 . 1  360 96 520 2078 3054 " 2 1 . 1  " " " " " 
240 2 1 . 3  358 97 526 2 1 04 3085 



TAB LE  1 0 - 1 32 

ECONOM I CS SUMMARY 
BAS I N  Mgctb�CD G[�at flaio5 - Willi5tQo fECHNOLOGY Advanced Case 

SUB BAS I N  , " FORMAT I ON �aclil� acd Eagle DATE lime J 9ao 
AVERAGE PER PROSPECT BAS IN TOTALS WELLS 

PROF I T . K -LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 
GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 

CASE NO .  �/MCF __ %_ NO . VALUE 1, __w_ � �M % AT PR I CE ICF G I P  BCF AT PR I CE % DRY PROD . Q.BY. PROD . TOTAL 

D i scoun t Rate 1 �/. 
1 2 182 1 1  1 .  50 23. 1 3 ABC 1 847 4 . 843 - 1 30 8 . 1 0 0 0 1 2 . 2  0 0 0 0 0 

2 1  2 . 50 30 . 3  4 ABCD 2450 6 . 096 595 1 6 . 5  1 589 1 589 26 1  1 5 . 9  4 1 6  79 2 1 8  870 1 583 
3 1  3 .  1 0  30 . 3  4 ABCD 2450 6 . 096 1 049 2 1 . 1  " " " 1 5 . 9  " " " " " 
41  3 . 50 40 .  1 5 ABC DE 44 1 2  8 .  337 1 5 1 7  2 1 . 7  2 1 56 2 1 56 258 2 1 . 1  387 1 04 379 1 5 1 8  2 387 
5 1  5 . 00 40 .  1 5 ABC DE 44 1 2  8 . 337 3082 3 3 . 0  " " " 2 1 . 1  " " " " " 
6 1  7 . 00 40 . 5  6 ABCOEF 4572 8 . 434 5 1 9 3  46 . 2  2 1 86 2 1 86 259 21  .. 3 387 1 05 392 1 568 2452 
71 9 . 00 40 . 5  6 ABCOEF 4572 8 . 434 7306 58 . 2  " " " 2 1 . 3  " " " 
8 1  1 2 . 00 40 . 5  6 ABCOEF 4572 8 . 434 1 0476 73 . 8  " " " 2 1 . 3  

I-' 
0 D i scount  Rate 12£, 

I 1 2  1 .  50 2 3 . 1 3 ABC 1 84 7  4 . 843 -348 8 . 1 0 0 0 1 2 . 2  0 0 0 0 0 
I-' 22 2 . 50 30. 3  4 ABCO 2450 6 . 096 1 0 1  1 6 . 5  1 589 1 589 2 6 1  1 5 . 9  4 1 6  79 2 1 8  870 1 583 
Ul 3 2  3 .  1 0  30 . 3  4 ABCD 2450 6 . 096 409 2 1 . 1  " " i o  1 5 . 9  " " 
0"1 42 3 . 50 30 . 3 4 ABCO 2450 6 . 096 6 1 5  24 . 0  " " " 1 5 . 9  " " 

52 5 . 00 40 .  I 5 ABC DE 44 1 2  8 . 337 1 67 1  3 3 . 0  2 1 56 2 1 56 258 2 1 . 1  387 1 04 379 1 5 1 8  2 387 
62 7 . 00 40 . I 5 ABC DE 4 4 1 2  8 . 337 3095 46 . 6  " " " 2 1 . 1  " " " " " 
72 9 . 00 40 . 5  6 ABCOEF 4572 8 . 434 4544 58 . 2  2 1 86 2 1 86 259 2 1 . 3  387 1 05 392 1 568 2452 
82 1 2 . 00 40 . 5  6 ABCOEF 4572 8 . 434 6709 7 3 . 8  " " " 2 1 . 3  

D i scount  Rate 2�1. 
1 3  1 .  50  1 6 . 6  2 AB 1 493  3 . 6 1 9  -456 6 . 8  0 0 0 8 . 8  0 0 0 0 0 
23 2 . 50 2 3 .  1 3 ABC 1 847 4 . 843 - 1 72 1 5 . 9  " " " 1 2 . 2  " " " " " 
33 3 .  1 0  30 . 3 4 ABCO 2450 6 . 096 59 2 1 . 1  1 589 1 589 26 1  1 5 . 9  4 1 6  79 2 1 8  870 1 583 
43 3 . 50 30 . 3  4 ABCO 2450 6 . 096 209 24 . 0  " " " 1 5 . 9  " " 
53 5 . 00 30 . 3  4 ABCO 2450 6 . 096 773 34 . 0  " " " 1 5 . 9  
63  7 . 00 40 . 1  5 ABC DE 44 1 2  8 . 337 1 94 1  46 . 6  2 1 56 2 1 56 258 2 1 . 1  387 1 04 379 1 5 1 8  2387 
73 9 . 00 40 . 1  5 ABC DE 4 4 1 2  8 . 337 2983 58 . 5  " " " 2 1 . 1  " " " I I  I I  

8 3  1 2 . 00 40 . 5  6 ABCDEF 4572 8 . 434 4581 7 3 . 8  2 1 86 2 1 86 259 2 1 . 3  387 1 05 392 1 568 2452 

* CODE : A B C 0 E F 
0 . 3 0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  



TOTAL BAS I N  AREA ( SECT I ONS ) : 1 20 , 000 
TYPE : B l a nket 

NGL ( BBL/MMC F )  : o .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
...... PERM . AREA POROS I TY TH I CKNESS 
0 (MD ) ( S ECT I ONS ) ( % ) ( FT . )  

I ...... 
Ul 
-...J 

0 . 3 4 1 1  1 0 . 4 9 

o .  1 37 1 9 . 0 1 2  

0 . 03 938 7 .4 1 4  

0 . 0 1  1 0 1 7  6 . 0  1 5  

0 . 003 1 1 1 4 5 . 5  1 8  

0 . 00 1  59  5 . 0  20 

39 1 0  

TABLE 1 0- 1 3 3  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Northern Great P l a i ns-W i I I i ston DEPTH ( FT . ) :  1 400 
SUBBAS I N : l 9  PRESSURE ( PS I A ) :  600 
FORMAT I ON :  J ud i th R i ver TEMPERATURE ( ° F ) : 86 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECO VERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE O F  NATURE I S  PROD 

( BC F ) < BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C --

437 . 80 334 0 . 40 0 . 30 0 . 90 

434 . 70 349 0 . 40 0 . 2 5  0 . 90 

1 1 02 . 8 1  797  0 . 40 0 . 20 0 . 90 

1 1 07 . 92 800 0 . 40 o.  1 5  0 . 90 

1 1 37 . 73 7 7 1 0 . 40 0 .  1 0  0 . 90 

66 . 9 5  4 2  0 . 40 0 . 1 0  0 . 90 
-

4 288 . 3093 



TABLE  1 0- 1 34 
W E L L  P R OD U C T I ON S U M M A R Y-- B A S E  C A S E  

N G P -W I L L I S T O N ,  J U D I T H R I V E R  

G A S P R O D U C T I O N  C M MC F / Y E A R / W E L L ) 

K a 0 . 3  o . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 3 8  3 2  2 0  1 2  8 5 

t-' 2 2 8  2 2  1 2  7 4 2 
0 

I 
t-' 
Ul 
co 5 2 2  1 5  8 4 2 1 

1 0  1 8  1 2  6 3 1 1 

1 5  1 5  1 1  5 2 1 0 

2 0  1 3  1 0 5 2 1 0 

3 0  1 1  8 4 2 1 0 

3 0 - Y E A R 
C U � M . 
P R O D . 

( M M C F ) 
5 1 0  3 8 4 2 0 8 1 0 9 6 3  3 6  



TAB L E  1 0- 1 35  

W E L L  P R O D U C T I ON S U M M A R Y--A D V A N C E D  C A S E 

N G P -W I L L I S T O N ,  J U D I T H R I V E R  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 00 0 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1 ( MD )  
Y E A R  

1 5 4  5 0  4 2  2 9  2 4  1 6  

I-' 2 4 0  3 5  3 0  2 0  1 5  9 
0 

I 
I-' 
Ul 
1.0 5 3 0  2 4  2 1  1 3  9 5 

1 0  2 4 1 9  1 7  1 0  6 4 

1 5  2 1  1 6  1 4  8 5 3 

2 0  1 9  1 5  1 3  7 5 2 

3 0  16 1 3  1 1  6 4 2 

3 0-Y E A R 
C U M M . 
P R O D . 7 2 2  5 7 9 5 0 6  3 0 7 2 1 1  1 2 9  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 

f-' ( MD )  ALL GAS [ MAX=4 1 
0 
I 

f-' 
0'1 
0 . 3  1 . 6 1 . 6 

• 1 2 . 446 2 . 446 

. 03 4 . 087  4 

. 0 1  7 .  1 63 4 

. 003 1 0 . 992 4 

. 00 1  1 9 . 947  4 

TABLE 1 0- 1 36 

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N : 1 9  
FORMAT I ON :  J u d i th R i ver 

ADVANCED 
RECOV ERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WEL LS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

< BC F )  A L L  GAS [ MAX= I 2 1  

334 1 .  1 30 1 .  1 30 

349 1 . 626 1 . 626 

797  1 . 680 1 . 680 

446 2 . 566 2 . 566 

28 1 3 . 282 3 . 282 

8 5 . 524 5 . 524 

22 1 5  

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

( BCF ) 

334 

349 

797 

800 

7 7 1  

42 

3093 



1-' 
0 

I 

1-' 
"" 
1-' 

TABLE 1 0- 1 37 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pr os pect ) 

D r i l l i ng Cost ( $/��e l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e ]  

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N : 1 9  
FORMAT I ON :  J u d i th R i ver 

- Advanced Case 1 2000/4000 Ft . Fracture ]  

S urf ace Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of  Cost to 

W .  I • Gas Revenue 

7 5 , 000 

49 , 000 

84 1 000 
1 06 , 000 - 27 5 , 000 

1 03 , 000 

7 , 200 

. 0 5 1 8  



TABLE  1 0- 1 38 
ECONOM I CS SUMMARY 

BAS I N  Nor thern G rea t P l a i ns -w i l l i s ton TECHNOLOGY Base Case 
SUB BAS I N  1 9 FORMAT I ON Jud i th R i ver  DATE Juoe 1960 

AVERAGE PER PROS PECT BAS IN TOTALS WE LLS 
PROF I T . K -LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO . W I  LOCAl 

GAS PR I CE  PROSP .  ON  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI LOCAl DEVELOPMENT 
CASE NO .  VMCF _%_ NO . VALUE * _..w._ __!!£f._ �M % AT PR I CE,ICF G I P  BCF AT PR I C E  '& Q!l! f.!l..QQ.. Q!l! PROD . TOTAL 

D i scoun t  Ra te 1 0% 
1 2 1 9 1 1 1  1 .  50 - - - 583 - -357 0 - - - 0 

2 1  2 . 50 4. 8 1 A 1 097 . 920 -348 0 . 70 - - - 2 . 5  
3 1  3 .  I 0 8 . 8  2 AB 1 789 1 . 86 1 -294 4 . 9  - - - 4 . 6  
41 3 . 50 8 . 8  2 AB 1 789 1 . 86 1 -206 6 . 5  - - - 4 . 6  
5 1  5 . 00 1 7 . 4  3 ABC 4489 3 . 822 -43 9 . 6  - - - 9 . 1  
6 1  7 . 00 1 7 . 4  3 ABC 4489 3 . 822 875 1 6 . 8 1 480 1 480 387 9. I 676 67 1 309 5232 7284 
7 1  9 . 00 27 . 3  4 ABCD 7403 5 .  28 1 1 609 1 8 . 4  1 927 2280 365 14 . 2 60 1 1 00 2 1 54 86 1 6  1 1 47 1  
8 1  1 2 . 00 27 . 3  4 ABCO 7403 5 . 28 1  343 1 2 7 . 9  " " " 1 4 . 2 

...... D i scoun t Ra te l�k 

0 1 2  I .  50 - - - 583 - -367 0 - - - 0 
I 22 2 . 50 4 . 8  I A 1 097  . 920 -405 0 . 70 - - - 2 . 5  

...... 32 3 .  10  4 . 8  I A 1 097  . 920 -360 2 . 9  - - - 2 . 5  
0'1 42 3 . 50 8 . 8  2 AB 1 789 1 . 86 1  -364 6 . 5  - - - 4 . 6  
N 52 5 . 00 8 . 8  2 AB 1 789 1 . 86 1 - 1 43 1 1 . 9 - - - 4 .6  - -

62 7 . 00 1 7 . 4  3 ABC 4489 3 . 822 - 1 64 1 6 . 8  1 480 1 480 387 9 .  I 676 67 1 309 5232 7284 
72 9 . 00 1 7 . 4  3 ABC 4489 3 . 822 78 1 23 . 7  " " " 

9 . 1  
" " " " " 

82 1 2 . 00 27 . 3  4 ABCO 7403 5 . 28 1  1 670 2 7 . 9  1 92 7  2280 365 14 . 2 601  1 00 2 1 54 86 1 6  1 1 4 7 1  

D i scount Rate 2ifk 
1 3  1 .  50 - - - 583 - -3 77 0 - - - 0 
23 2 . 50 - - - 583 - -377  0 - - - 0 
33 3 .  10  4.8 I A 1 097  . 920 -402 2 . 9  - - - 2 . 5  
43 3 . 50 4 . 8  I A 1 097  . 920 -3 8 1  4. 2 - - - 2 . 5  
5 3  5 . 00 8 . 8  2 AB 1 789 1 . 86 1 -285 1 1 . 9 - - - 4 . 6  
6 3  7 . 00 1 7 . 4  3 ABC 4489 3 . 822 -200 1 6 . 8  - - - 9 .  I 
73 9 . 00 1 7 . 4  3 ABC 4489 3 . 822 246 23 . 7 1 480 1 480 387 9. I 676 67 1 309 5232 7284 83 1 2 . 00 27 . 3  4 ABCD 7403 5 . 28 1  743 27 . 9 1 927 2280 �65 1 4 . 2  601 1 00 2 1 54 86 1 6  1 1 47 1  

1< COD E : A B C 0 E F 
0 . 3 0 .  I 0 . 03 0 0 1  0 . 003 0 . 00 1 



1-' 
0 

I 
1-' 
0'1 

w 

TABL E  1 0- 1 39 

ECONOM I CS SUMMARY 
BAS I N  Northern G rea t P l a i ns-Wi l l i s ton 

SUB BAS I N  1 9  FORMAT I ON l11ditb Bil,et 
AVERAGE PER PROSPECT BAS I N  TOTALS 

GAS PR I C E  
CASE NO . VMCF 

D i scoun t Ra te l OX 
1 2 1 92 I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

1 .  50 
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scount  Rate � �� 
1 2  1 .  50 
22 2 . 50 
32 3 .  10  
42 3 . 50 
5 2  5 . 00 
62  7 . DO 
72 9 . 00 
82 1 2 . DO 

D i scount  Rate 20% 
1 3  1 .  50 
23 2 . 50 
3 3  3 . 1 0  
43 3 . 50 
53 5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

PROF I T . K-LEVELS 
PROS P . ON STREAM 

__ % __ NO .  VALUE * 

4 . 8 1 A 
8 . 8 2 AB 
8 . 8  2 AB 
8 . 8  2 AB 

1 7 . 4 3 ABC 
27 . 3 4 ABCD 
3 7 . 9  5 ABC DE 
3 7 . 9  5 ABC DE 

0 0 
8 . 8 2 AB 
8 . 8  2 AB 
8 . 8  2 AB 

1 7 . 4  3 ABC 
1 7 . 4  3 ABC 
27 . 3  4 ABCD 
3 7 . 9  5 ABC DE 

0 0 -
4 . 8  I A 
8 . 8 2 AB 
8 . 8 2 AB 
8 . 8  2 AB 

1 7 . 4  3 ABC 
1 7 . 4  3 ABC 
27 . 3  4 ABCD 

* CODE : A B C D E F 

E & P 
I NVEST. 
.2!:L_ 
1 239 
1 7 1 2  
1 7 1 2  
1 7 1 2  
3655 
6963 

1 1 987 
1 1 987 

866 
1 7 1 2  
1 7 1 2  
1 7 1 2  
3655 
3655 
6963 

1 1 987 

866 
1 2 39 
1 7 1 2  
1 7 1 2  
1 7 1 2  
3655 
3655 
6963 

0 . 3 0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

GAS NET PRE S .  DCF  RATE 
PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. 
� �M % AT PR I C E,IIC F  G I P  B C F  

. 920 -546 0 - -
1 . 86 1  -597 3 . 3  -
1 . 86 1  -264 5 . 8  -
1 . 86 1 - 1 75 7 . 3  -
3 . 822 449 1 3 . 8 1 480 1 480 
5 . 843 1 6 1 D  1 8 . 4  2281 228 1 
7 . 944 3203 2 1 . 1  305 1 305 1 
7 .  944 6 1 59 3 1 . 8  " " 

-524 0 0 0 
1 . 86 1 - 5 1 2  3 . 3  " " 
1 . 86 1  -423 5 . 8  " " 
1 . 86 1  -363 7 . 3  " " 
3 . 822 - 9 1  1 3 . 8  " " 
3 . 822 520 2 1 . 2  1 480 1 480 
5 . 84 3  1 406 2 5 . 8  2281 2281  
7 . 944 3 1 94 3 1 . 8  3051 305 1 

- -530 0 0 0 
. 920 -536 0 . 4  " " 

I . 86 1 -505 5 . 8  " " 
I . 86 1 -462 7 - 3 " " 
1 . 86 1 -30 1 1 2 . 2 " " 
3 . 822 75 2 1 . 2  1 480 1 480 
3 . 822 5 1 5  2 7 . 9  " " 
5 . 843 1 589 36. 5  228 1 228 1 

TECHNOLOGY Aduilltu;:ed Case 
DATE June 1 980 

MAX NO . W i LDCAT 
PROS P .  SUCCESS W I LDCAT 

AT PR I CE � !!.!!Y. PROD , 

- 2 . 5 
- 4 . 6  
- 4 . 6 

4 . 6 
387 9 . 1 676 6 7  
39 1  1 4 . 2 644 1 07 
384 1 9 . 7  592 1 45 

" 1 9 . 7 

0 0 0 0 
" 4 . 6  
" 4 . 6  
" 4 . 6  
" 9 . 1 

387 9. I 676 67  
39 1  1 4 . 2 644 1 07 
384 1 9 . 7 592 1 45 

0 0 0 0 
" 2 . 5  
" 4 . 6  
" 4 . 6  
" 4 . 6  

387 9. I 676 67 
" 9 .  I " " 

39 1 1 4 . 2  644 1 0 7  

W ELLS 

DEVE LOPMENT 
!!.!!Y. 

640 
1 279 
2200 

640 
1 279 
2200 

640 
" 

1 2 79 

PROD . I.QB1. 

256 1 3945 
5 1 1 4  7 1 44 
8800 1 1 737 

0 

256 1 3945 
5 1 1 4  7 1 44 
8800 1 1 737 

0 

256 1
. 

3945 
" " 

5 1 1 4  7 1 44 



....... 
0 

I ....... 
0'1 
""" 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 1 20 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) : O .  

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) < % ) ( FT . ) 

0 . 3 1 08 1 3 .6 3 1  

0 .  1 1 7 5  1 1 . 2 47  

0 . 03 1 49 8 . 8 56 

0 . 0 1  1 1 9 6 . 6 6 5  

0 . 003 1 84 4 .9 70  

0 . 00 1 1 0  3 . 4 7 5  --

745  

TABLE 1 0- 1 40 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Nort hern Great P l a i ns-W i I I i ston DEPTH ( FT . ) :  2050 
PRESSURE ( PS I A ) : 7 7 0  
TEMPERATURE ( ° F ) : 9 5  

SUBBAS I N : 20 
FORMAT I ON :  Ca r l i l e , N i obrara 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVEr�ABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

7 1 9 . 42 442 

1 4 5 5 . 50 799 

1 1 60 . 1 5  692 

806 . 6 1  6 1 7  

997 . 1 7  904 

40 .29  26 

5 1 79 . 348 1 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I V EN THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2nd  W/C 

0 .40 0 . 30 0 . 90 

0 . 40 0 . 2 5  0 . 90 

0 . 40 0 .20 0 . 90 

0 . 40 0 .  1 5  0 . 90 

0 . 45  0 .  1 5  0 . 90 

0 . 4 5  o .  1 0  0 . 90 



TABL E  1 0- 1 4 1 

� E L L P R O D UC T I ON S U M M A R Y --B A S E C A S E  

N G P - W I L L I S T O N ,  C A R L I L E  + N I O B R AR A  

G A S P R O D UC T I O �  ( M MC F / Y E A R / WE L L ) 

K • 0 . 3  o . 1  0 . 0 3 o . o 1  
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( MD )  

1 2 1 3 2 0 4  1 3 2  8 5  4 4  2 3  

f-' 2 1 5 8  1 4 4 8 1  4 9  2 4  1 2  
0 

I 

f-' 
0'\ 

5 1 2 2 9 9  5 6  3 0  1 4  7 Ul 

1 0  1 0 1  8 0  4 2  2 3  1 0  5 

1 5  8 7  7 1  3 6  1 9  9 4 

2 0  7 8  6 5  3 3  1 7  8 3 

3 0  6 2  5 6  2 9  1 5  7 3 

3 0 - Y E A R 
C U M M . 
P R O D . 2 8 76 2 4 1 5 1 3 1 4 7 3 3  3 4 8  1 6 9  

C M M C F ) 



TAB L E  1 0- 1 42 

WE L L  P R OD U C T I ON S U M M A R Y--A D V A NC E D  C A S E  

N G P- W I L L I S T ON,  C A R L I L E  + N I O B R AR A 

G A S  P RO DUC T I O N  ( M MC F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  o . o 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 00 0 1  ( MD )  
Y E A R  

1 3 0 3  3 1 3  2 6 5  1 9 8  1 3 3  1 7  

1-' 2 2 2 6  2 2 0 1 9 5 1 3 3 8 2  4 5  0 
I 

1-' 
0'\ 
0"1 5 1 7 0 1 5 5  1 3 8  9 0  5 1  2 7  

1 0  1 3 8  1 2 2  1 0 7  6 7  3 6  1 9  

1 5  1 2 2  1 0 5  9 2  5 7  3 0  1 5  

2 0  1 1 0 9 5 8 3  5 2  2 7  1 3  

3 0  9 3 8 2  7 1  4 3  2 2  1 1  

3 0 -Y f A R 
C U M M . 
P R O D . 4 0 5 0  3 6 3 8  3 2 0 3  2 0 4 3  1 1 5 1 6 0 2  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY US ED 

I-' ( MD )  ALL GAS [ MAX=4 1 
0 
I 

I-' 
0'\ 
-....1 . 3 1 . 420 1 . 420 

• 1 1 . 888 1 . 888 

. 03 3 . 4 1 7  3 . 4 1 7  

. 0 1  7 . 096 4 

. 003 1 4 . 028 4 

. 00 1  1 5 . 1 4 

TABLE 1 0- 1 43 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N :  20  
FORMAT I ON :  Car l i l e + N i obrara 

ADVANCED 
RECOVERABLE NUMBER OF  NUMBER OF  

GAS FROM WELLS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

< BC F ) ALL GAS [ MAX= 1 2 1  

442 1 . 0 1  1 . 0 1  

799 1 . 2 55 1 . 255  

672  1 . 409 1 . 409 

347  2 . 539 2 . 539 

258 4 . 269 4 . 269  

7 4 . 264 4 . 264 

2525  

CAS E  
RECOVERABLE 

GAS F ROM 
ACTUAL WEL LS 

( BC F ) 

442 

799  

672 

6 1 7  

904 

26 

348 1 



f-' 
0 

I 
f-' 
0'1 
(X) 

TABLE 1 0- 1 44 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e )  

BAS I N : Northern Great P l a i ns-W i I I i ston 
SUB-BAS I N : 
FORMAT I ON :  Car l i l e + N i o brara 

Ad vanced Case [ 2000/4000 Ft . Fracture ]  

S u r f ace  Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor F ue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

7 5 , 000 

64 , 000 

84 , 000 - 1 36 , 000 
1 06 , 000 - 5 1 3 , 000 

1 03 , 000 

7 , 200 

. 0 5 1 8  



TABL E  1 0- 1 45 

No rthern G reat P l a i ns - Wi l l i s ton 
ECONOM I CS SUHHARY 

BAS I N  TECHNOLOGY Base 
SUB BAS I N  2 0  FORMAT I ON Car l i l e - N i obra ra DATE June 1 9BO 

AVERAGE PER PROSPECT BAS I N  TOTALS 'oiE LLS 
PROF I T .  K-LEVELS E & P GAS NET PRES . DCF RATE HAX NO .  W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • HAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO.  VHCF _%_ NO . VALUE * ..1ti._ � ��� � AT PR I C E,BCF G I P,BC F  A T  PR I CE :& QJr!. PROD , QJr!. � TOTAL 

D i scoun t Rate l �k  
1 220 1  I I  I .  50 30 . 3 4 ABCD 1 552 5 . 726 1 54 1 2 . 6  2260 2530 395 30 . 3  629 1 20 293 1 1 73 2 2 1 5  

2 1  2 . 50 " " " " " 842 22 . 8 " " " " " 

3 1  3 .  1 0  " " " " " 1 254 28 . 3  
4 1  3 . 50 40 . 1  5 ABC DE 2 1 33 6 . 52 3  1 525  29 . 2 25 1 8  3434 386 40 . 1 577 1 55 449 1 795 2977 
5 1  5 . 00 " " " " " 2679 4 1 . 2  " " " " " " " " " 

6 1  7 . 00 40 . 5  6 ABCDEF 2 1 6 1  6 . 54 3  42 1 8  54 . 6  2525 348 1 386 40 . 5 576 1 56 456 1 824  30 1 4  
7 1  9 . 00 " " " " " 576 1 66 . 2  " " " " " 

8 1  1 2 . 00 " " " " " 8075 80 . 8  

f-' D i scount  Rate 1� 
0 1 2  I .  50 2 3 .  1 3 ABC 1 268 4 . 84 3  -7 1  1 3 . 1  0 0 0 2 3 . 1 0 0 0 0 0 

I 22 2 . 50 30 . 3  4 ABCD 1 552 5 . 726 367 2 2 . 8  2 260 2530 395 30 . 3  629 1 20 293 1 1 73 2 2 1 5  
f-' 3 2  3 .  1 0  " " " " " 647 28 . 3  " " " " " " " " " 

0"1 42 3 . 50 " " " " " 835 3 1 . 7  
1.0 5 2  5 . 00 40 . 1  5 ABC DE 2 1 33 6 . 523  1 579 4 1 . 2  2 5 1 8  3434 386 40 . 1  577 1 5 5  449 1 795 2977 

6 2  7 . 00 " " " " " 2628 54 . 8 " " " " " " " " " 

72  9 . 00 4 0 . 5  6 ABCDEF 2 1 6 1 6 . 54 3  3677 66 . 2  2525 3481  386 40 . 5  576 1 56 456 1 824 30 1 4  
82  1 2 . 00 " " " " " 5254 80 . 8  " " " " " " " 

D i scount  Rate 20% 
1 3  1 . 50 2 3 .  1 3 ABC 1 268 4 . 84 3  -203 1 3 . 1  0 0 0 2 3 . 1 0 0 0 0 0 

23  2 . 50 30 . 3 4 ABCD 1 552 5 . 726 1 02 22 . 8  2 260 2530 395 30 . 3  629 1 20 293 1 1 73  2 2 1 5  

3 3  3 .  1 0  " " " " " 309 28 . 3  
43 3 . 50 " " " " " 446 3 1 . 7 
53 5 . 00 40 . 1  5 ABC DE 2 1 33 6 . 523  965 41 . 2  25 1 8  3434 386 40 . 1 577 1 55 449 1 795 2977 

63 " " " " " 1 735 54 . 8 " " " " " " " " " 
7 . 00 

73 9 . 00 " " " " " 2505 66 . 3 
8 3  1 2 . 00 40 . 5  6 ABCDEF 2 1 6 1  6 . 54 3  3662 80 . 8  2525 3481  386 40 . 5  576 1 56 456 1 824 30 1 4  

* CODE :  A B C D E F 
0 . 3 0 . 1 0 . 03 0 . 0 1 0 . 003 0 . 00 1  



TAB LE  1 0- 1 46 

ECONOM I CS SUMMARY 
BAS I N  �ca::tberc Great E:laics - Wi I I isr::aa TECHNOLOGY Advanced 
SUB BAS I N  FORMAT I ON Ca r l i l e - N i obrara DATE J une 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WE LLS 
PROF I T .  K -LEVELS E & p GAS NET PRES .  DCF RATE MAX NO . W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO. VMCF __ %_ NO . VALUE * ..J!L_ .J!ff_ �M :& AT PR I CE,BCF G I P,BCF AT PR I C E  '& Q.!!I �· DRY PROD . TOTAL 

D i scoun t Rate  I� 
1 2202 I I  I .  50 30 . 3  4 ABCD 1 8 1 9  6 . 095 1 33 1 1 . 8 2530 2530 4 1 5  30 . 3  662 1 26 1 68 673 1 628 

2 1  2 . 50 40 .  I 5 ABC DE 3226 8 .  337 I 002 1 9 . 7  3434 3434 4 1 2  40 .  I 6 1 6  1 65 354 1 422 2559 
3 1  3 .  1 0  " " " " " 1 628 25 . 5  
4 1  3 . 50 " " " " " 2046 2 9 . 2  
5 1  5 . 00 40 . 5  6 ABCDEF 3357 8 . 434 3620 4 1 . 7  348 1 3481 4 1 3  40 . 5  6 1 6  1 67 373 1 490 2646 
6 1  7 . 00 " " " " " 5734 56 . 8  " " " " " " " 
7 1  9 . 00 " " " " " 7848 69 . 8  
8 1  1 2 . 00 " " " " " 1 1 0 1 8  86 . 7  

f-J D i scount  Ra t e  I� 
0 1 2  I .  50 23. I 3 ABC 1 4 34 4 . 843 - 1 84 1 1 . 0 0 0 0 2 3 .  I 0 0 0 0 0 
I 22 2 . 50 30 . 3 4 ABCD I 8 1 9  6 . 095 353 2 1 . 2  2530 2530 4 1 5  30 . 3  662 1 26 1 68 673 1 628 

f-J 32  3 .  1 0  4 0 .  I 5 ABC DE 3226 8. 337 773 25 . 5  3434 3434 4 1 2  40 . I 6 1 6  1 65 354 1 422 2559 
-..J 42 3 . 50 " " " " " 1 060 2 9 . 2  
0 52  5 . 00 " " " " " 2 1 36 42 . 1  

6 2  7 . 00 40 . 5  6 ABCDEF 3357 8 . 434 3589 56 . 8  348 1 3481 4 1 3  40 . 5 " 1 67 373 1 490 2646 
72 9 . 00 " " " " " 5044 69 . 8  
82  1 2 . 00 " " " " " 7226 86 . 7  

D i scount Rate 2�4 
0 0 1 3  I .  50  2 3 .  I 3 ABC 1 4 34 4 . 843 -323  I I  . 0  0 0 0 2 3 .  I 0 0 0 

23 2 . 50 30 . 3  4 ABCD 1 8 1 9  6 . 095 55 2 1 . 2  2530 2530 4 1 5  30 . 3 662 1 26 1 68 673 1 628 
33 3 .  1 0  " " " " " 285 26 . 3  
43 3 . 50 " " " " " 438 2 9 . 6  
5 3  5 . 00 40 . I 5 ABC DE 3226 8 . 337 I 3 1  3 4 2 .  I 3434 3434 4 1 2  40 . I 6 1 6  1 65 354 1 422 2559 
63  7 . 00 " " " " " 2374 57 . I " " " " " " " " " 
73 9 . 00 40 . 5  6 ABCDEF 3357 8 . 4 34 3456 69 . 8  3481  3481 4 1 3  4 0 . 5  " 1 67 373 1 490 2646 
83 1 2 . 00 " " " " " 5069 86. 7 

* CODE : A B C D E F 
0 . 3 0 . I 0 . 03  0 . 0 1  0 . 003 0 . 00 1  
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Ch apter Eleven 

GREATER GREEN RIVE R  BAS I N  

GEOLOGY 

General De s c r i p t ion 

Th e Grea ter Gre e n  Rive r Bas i n  i s  a geolog i c a l ly d e f ined area i n  
southwe stern Wyo m i ng and nor thwe stern Co lorado w i th a s ur f ace area 
o f  approx ima t e l y  2 3 , 0 0 0  square m i le s . Cre tace o u s  and Te r t iary 
rock s , wh ich con t a i n  t ig h t  gas reservo irs , o cc u py approx ima te ly 
2 0 , 0 0 0  square m i le s , h ave an average th i ckn e s s  of 1 5 , 0 0 0  f ee t ,  and 
have a rock volume of 5 6 , 0 0 0 cub i c  mi l es . 

Th e ba s in i s  bounded on the we st by the Th r u s t  Be l t ; o n  the 
north by the Wind River and Swee twa ter u pl i ft s ; o n  th e a s t  by the 
Rawl i n s , S i erra Mad re , a nd Pa rk Ra nge upl i f t s ; a nd o n  the s o u th by 
th e Ui nta upl i f t  and i t s  sou theastern e x te n s io n ,  th e Ax i a l  fold 
bel t i n  Co lorad o . Th e b a s i n  i s  d iv id ed i n to s ub -b a s i n s  and i n ter
ven ing upl i f t s , s ome o f  wh i c h  are recogn i z ed only in  the s ubs u r 
f ace . In the we s t  i s  the Mo xa arch and Br id ge r ba s in ( a l s o  known 
together as th e Gre e n  River ba s in in a r e s t r i cted s e n s e ) ;  i n  the 
center is the Ro ck Spr ing s upl i ft ;  i n  the e a s t , f r om north to 
south , is th e Red De ser t ( Great  Divid e ) ba s i n , Wams u t ter arc h , 
Wa shak i e  bas i n , Ch erokee r id ge , and Sand Wa sh b as i n .  

Dur ing mo s t  o f  Pa l eozo ic t ime , the bas i n  wa s charac t e r i ze d  by 
mar ine she l f  depo s i t io n . I t  a cq u i red i t s  pre s e n t  conf i gu r a t i o n  
ma inly from t h e  La ram i d e  oroge ny d u r ing l a te C r e t a c e o u s  a n d  early 
Ter t i a ry t ime .  Sed ime n ta t ion d ur ing th i s  per iod wa s c h ie f ly non 
mar ine and resul ted i n  the depo s i t ion o f  muc h  l e n t i c u l ar sands tone 
w i th s ign i f i cant amounts  of c l ay pre sent  in the ro c k  ma tr i x .  Th i s  
i s  par t i c u l arly t.ru e  o f  the Me saverde s e c t ion wh i ch conta i n s  the 
bulk o f  the t ig h t  gas s and forma t ion s . 

Maps 

• O i l  and gas f i e l d  map ( F igure 1 1- 1 ) 
• Ba se map show i ng ba s i n  ou tl i ne w i th bord e r i ng s truc tures and 

s ub -bas i n s  ( F igure  1 1 - 2 ) 
• Co rre l a t ion chart ( F i g u r e  1 1- 3 )  
• Diagramma t i c  cro s s -se c t io n  ( F igure 1 1- 4 ) . 

Tight Ga s Forma t ions 

Forma t ions conta i n i ng t ig h t  gas sands are the late Cre tace o u s  
Me save rde ( some t ime s s ub -d iv ided i n to B l a ir , Ro ck Spr ings , Er i c son , 
and Almond ) , Lewi s  and Lanc e ,  and th e Te r t i a ry For t Un i o n . W i th 
the excep t ion o f  the ma r ine b l anke t sand s i n  the very uppe r pa r t  o f  
the Almond , these are f l uv i a l  l e n t i cular san d s tones  w i t h much c l ay 
f i l l i ng . Al s o  pre s e n t  i n  part o f  the we stern po r t i o n  o f  the bas i n  
are the Cre taceou s Fron t i er sands wh i ch are b l a n ke t  and mar in e . 

1 1 - 1  
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ADAVILLE FM. MESAVERDE FM. :1;1 BLAI FM. --=;:;; I Lloyd"'·::::::::-= NIOBRARA "Ui2E�RT SS. BAXTER SH. �§ FM. 
f-:==�����==lJMorapos MMiCer Ss. Mbr.� HILLIARD SH. BAXTER SH. BAXTER SH. J- NIOBRARA SH. Sl. Cutlegat• Ss. CARLilE SH. MANCOS SH. 

FRONTIER FM. FRONTIER FM. 
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LOWER 
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�------- ? ------��;l-I ___ "O�A�K�O�T�A�"--� 
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WELLS FM. 
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THAYNES LS. W 0 FM. DINWOODY FM. 
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TmllTTIIT 
TENSLEEP SS. 

"DAKOTA" MORRISON UNDIVIDED 
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F i g u re 1 1-3. Stratig raphic Correlat ion Chart. 
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Tab l e  1 1- 1  l i s t s  the forma t ions and a verage d e p th s . 

Forma t ion 

For t Un ion 

Lance & Lewi s 

Almond A 

Almond B 

Er i ck so n , Ro ck 
Spr ing s ,  Bl a ir ,  
& other Lowe r 
Me save rde 

F r on t i e r  

TABLE 1 1- 1  

Gre a t e r  Green Rive r  Bas i n  
Tight  Gas Forma t ions 

Trap Type 

Pa l eocene Stra t . ( le n t i c u l a r ) 

U .  Cre t .  Stra t . ( l e n t i c u l a r ) 

u .  Cre t .  Stra t . ( b l a nke t ) 

U .  Cre t .  Stra t . ( le n t i c u l a r ) 

U .  Cr e t . Strat . ( l e n t i cu l ar ) 

U .  Cr e t  Strat . ( b lanke t )  

Analys i s  o f  Hyd rocarbon Poten t i a l  

Depth 

7 , 5 0 0  

9 , 0 0 0  

9 , 5 0 0  

1 0 , 0 0 0  

1 2 , 0 0 0  

1 4 , 0 0 0  

Phys i c a l  parame te r s  were d e f i ned by Lew i n  and As soc i a t e s  ( 1 9 7 8 )  
for po r t ions o f  the Gr eater Gr een Ri ver bas i n  ( 3 , 4 0 0  s q uare m i l es ) 
tha t  h ave the mos t obv i o u s  t i gh t gas po ten t i a l , have been i n corpo
r a ted i n to our analys i s . Th e Ro ck Spr ings upl i f t , the we s t e rn 
Wams u t t e r  arch , and par t s  o f  the other areas h ave b e e n  e xc l ud e d  
because they are we l l  deve loped a n d  are cons i d ered to h ave l i tt l e  
ad d i t ional poten t i a l  f o r  devel opme n t  o f  t i g h t  g a s  reservo ir s . Th e 
t ig h t  ga s-conta i n i ng rock s are ( 1 ) b lanke t sand s tones  th a t  can 
oc cupy are as o f  several h undred square m i l e s  and ( 2 ) l e n t i c u l a r  
( l e ns-s haped ) s ands tones tha t  are e l ong a te i n  o u t l ine and o c cu py 
areas o f  f i ve o r  more square m i l e s  d own to a frac t io n  o f  a square 
m i l e . Th e l e n t i c u l ar sand s tones are nume rou s and may ove r l a p  i n  a 
comp l e x  thre e -d ime n s ional conf igura t ion . 

Are a s  Ana l y z ed 

Are a s  s t ud i e d , are ( 1 )  the central  Wa s h a k i e  ba s i n  ( are a 6 o f  
the Lew i n  repo r t , 6 0 0 · s quare m i l es ) ,  ( 2 ) the Mo xa arch a nd the area 
we s t  of th e Moxa arch and e a s t  of th e Th rus t Be l t  ( 1 , 8 0 0  squar e  
m i l es ) , ( 3 ) the Br id ge r bas i n  ( so u th of area 4 o f  the Lew i n  report , 
be tween th e Mo xa arch and th e Ro ck Spr i n g s  u p l i f t ,  2 , 7 0 0  square 
m i l e s ) a nd ( 4 )  the  Sand Wa sh ba s i n  ( Co l orad o  part o f  the Gr e a ter 
Green River ba s i n ,  1 , 5 0 0  square m i l e s ) .  

11- 6 



Washak i e  Bas i n . Tigh t b lanke t-s and s tone reservo i r s  ( Al mond A 
and Fron t i e r ) i n  the c e n t r a l  Washakie bas i n  conta i n  a n  e s t imated 1 3  
t r i l l ion cub i c  feet  ( TC F ) a nd l e n t ic u l ar sands tone r e s e rvo i r s  
conta i n  a n  e s t imated 2 0  TC F o f  gas i n  plac e , a tota l o f  3 3  TCF . 

The gre a t e s t  undeve l oped gas  pote n t i a l  i s  b e l i eved to be i n  the 
Cretaceou s Me saverd e  Group sands tone s . Ad d i t i onal  g a s  is pre s e n t  
i n  t h e  Lewi s ,  Lanc e , a n d  For t Un ion forma t ions  a t  s h a l l ower depths 
than the Me saverd e . Th e Me save rde Group i s  u n t e s ted i n  the deeper 
parts of th e Wash ak i e  bas i n  ( a s we l l  a s  in the deeper parts o f  th e 
Red De sert ba s i n ) , b u t  i t  i s  be l i eved to have greater po ten t i a l  
than the areas o f  r e c e n t  d r i l l i ng around t h e  bas i n  e d g e s  a n d  o n  the 
Wams utter arch for the fo l l ow i ng reaso ns : ( 1 ) more favorable  r e s 
ervo i r  rock trend s ,  ( 2 ) h igher reservo i r  pre ss ure s ,  ( 3 ) h i gh e r  t em
peratures to ge nerate ga s from a s soc i a ted coa l s  and c arbonaceou s 
shales and ( 4 )  more i ntense nat ura l  fract ur i ng to enhance sands tone 
prod uc t iv i ty .  

Moxa Arch . Th e Moxa Ar ch i s  a north-s o u th trend i ng s tr u c tural 
fe a t ure , appro x ima te ly 8 0  miles  long . On the arc h , a nd i n  the area 
be twe en the arch and the Th r u s t  Be l t , l en t i c u l ar sand s tones  conta i n  
a n  est imated 2 5  TC F o f  gas  i n  p l ac e , but i t  i s  e xpe c te d  that  ve ry 
l i t t l e  of th i s  is comme rc i a l ly recove rab l e . In contras t to th i s  
low e xpe cta t ion , deepe r  Cre taceou s ( t ight  s an d s tones  i n  th e Fro n 
t ier fo rma t ion ) a nd pr e-Cr e taceou s rock s a r e  unde rgo i ng e x t ens ive 
e xplorat ion a nd d e ve l opme n t  a long the arch and there fore are no t 
cons idered f ur the r  i n  our analys i s . 

B r i dger Ba s in . Th e Br idge r bas i n  i s  an area o f  very l i t t l e  
pas t  explora t ion . 

Len t i c u l ar s and s tones i n  Cre taceous and Te r t i a ry forma t ions are 
e s t ima ted to conta i n  5 4  T C F  of g a s  i n  pl ace but only l i t t l e  
econom i cal ly-recoverab l e  ga s .  

Sand Wash Bas i n . Ga s i n  place i n  l e n t i c u l a r  Cre tace o u s  sand
s tones of  the  Sa nd Wa sh ba s i n i s  e s t ima ted to be approx ima tely 3 8  
TCF . Aga i n , probab ly ve ry l i t t l e  o f  th i s  i s  e conom i c a l ly 
recoverable . 

Re servo i r  d a ta from the Lew i n  repo rt we re i nput i n to a s i n g l e 
we l l  s imula tor tha t  i nc l ud e s  t h e  e f fe c t s  o f  a hydra ul i c  f r a c t ure t o  
comp ute produc t ion r a te ve rsus t ime . As a g e ne r a l  r u l e ,  pe rme ab i l 
i ty decreased w i th depth a nd ne t pay wa s u s u al ly d e creased  w i th 
i ncrea s i ng perme ab i l i ty ;  i . e . , there ex i st s  more poor r e s e rv o i r  
than good . Pe rmea b i l i ty-poros i ty re l a t ionsh ips were taken from the 
Lew i n  data , or from ge neral curve s based on tho s e  d a ta . 

In the c a s e  o f  l en t i c u l ar sands , e s t ima te s we re mad e  o f  the 
sand/shale rat i o , or perce n t  of gross ob j e c t i ve s e c t i o n  that  i s  
sand s tone . Th i s  i s  impo rtant beca use l e n t i cu l ar sands i n  a very 
sandy sect ion beg i n  to beh ave s imi lar ly to b lanket sand s i n  terms 
o f  po s t-fractur i ng d e l iverab i l i ty .  
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Re s u l t s  of we l l  re sponse ( per we l l  prod u c t io n  y i e l d ) we re 
i n corpora ted in the e xplor a t ion s imula tor a lgor i t hm w i th geolog i c  
j ud gme n t s  reg a rd i ng w i ldcat  s u c c e s s  r a t io and e s t ima ted percent  o f  
e a c h  s ub -bas i n  tha t  wou l d  u l t ima te ly pro d uc e . 

Ac cord i ng to the i r  geograph i c  d i s tr i b u t io n , s ome r e se rvo i r s  
w e r e  " s ta cked ; "  that  i s , i t  wa s a s s umed t h a t more than one for
ma t io n  may pro d uce from one we l l  i f  the pre ss ure s are no t too 
d i s s i m i l a r . 

Explor a t ion H i s tory 

Th e Gr een River ba s in has  prod u c ed gas for ma ny ye ars , e ar l i e r  
d r i l l i ng be i ng concen tra ted o n  s t r uc t ur a l  anoma l ie s , wherea s more 
recent d r i l l i ng wa s both for struc tur al and s tr a t ig raph i c  traps . 
Dur i n g  the yea r s  1 9 7 0  through 1 9 7 7 ,  4 5 0  e xp l ora tory we l l s  res u l ted 
i n  1 0 2  g a s  d i scove r i e s  y i eld i ng 5 7 0 BCF or 5 . 6 B CF/w i l d c a t  s u c 
ce s s f u l  we l l . Gas w i ld c a t  s uc c e s s  increased from 1 1 . 9 perc e n t  for 
1 9 6 0 - 1 9 6 9 to 2 2 . 7 percent for 1 9 7 0 - 1 9 7 7 .  Fo r the s ame two t ime 
pe r iod s gas we l l  depth i ncreased from 6 , 5 7 0  to 1 0 , 8 5 0  fee t .  Dur ing 
the m i d d l e  and l a te 1 9 7 0 ' s ,  much emphas i s  wa s s h i f ted to l ow perme
ab i l i ty t igh t gas sand s , par t i c u lar ly in the e a s tern part  of the 
bas i n  where i n tense d eve lopme n t  is now o cc u r r i ng in l im i ted areas . 
In  the r e l a t i ve ly une xplored area s , a somewh a t  be t te r  s uc c e s s  r a t i o  
was a s s ume d t h a n  h a s  occurred i n  the pas t ,  r e a so n i ng t h a t  ma ny 
we l l s w i t h  mar g i n a l  reservo i rs tha t  we re former l y  p l ug g e d  wo u l d  be 
c omp l e ted i n  the f u ture due to ad va nce techno logy and h ig h er gas  
pr ice . 

Characte r i s t i c s  o f  Traps and Re s ervo i r s  

Trapp ing i s  conce ived t o  b e  s trat i graph i c , o c c a s ional ly con
trol led by up-d i p  chang e s  from s and to s h a l e , b u t  ch i e f l y  d e ter
m i ned by var i a t ions  i n  per emab i l i ty .  Qua l i ty o f  prod u c t io n  w i l l 
d epend on the amoun t o f  g a s  g e nera ted , n e t  fee t  o f  pay , and poros
i ty and pe rmeab i l i ty o f  the pay as we l l  as  o th e r  reser vo i r  par ame 
ters . Much o f  the g a s  i s  a t  cons id erab le depth s , wh i c h  g re a t l y  
i ncrea s e s  f i nd i ng a n d  d evel opment cost s , b u t  wh i ch carr i e s  i t s  own 
r ewa rd i n  the fo rm of greater pr essure  and tempera tur e . 

In these r e s e rvo irs , the pe rme ab i l i ty i s  ad ve rse l y  a f fe c ted by 
the ub iqu i tous c l ay-f i l l i ng and by the f a c t  tha t  the poro s i ty i s  
not a lway s  i n ter-g r an u l a r  bu t i s  o f te n  found i n  i s o l a ted pores tha t  
are conne c ted b y  long th i n  por e -throat s .  

PRODUC T ION 

Th e ge neral  locat ion ma p ,  F ig u r e  1 1- 1 ,  s hows the bas i n  e x tend
i ng over a four-state area w i th the ma j or i ty of the prod u c t i ve area 
in Wyom i ng . Th e va r iou s prod u c t ive s ubba s i n s  are shown i n  F ig u re 
1 1- 2  as are e x i s t in g  w i ldernes s ,  nat iona l park s , w i ld l i f e re f uge s , 
propo sed RARE I I  W i lderness Ar ea , a nd propo sed w i lderness  s t udy 
are a . Al l of the s e  areas i n  Wyomi ng w i l l  l im i t  the amo u n t  o f  t i gh t 
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gas ava i l able fo r deve l opme nt . The po ten t i a l  ga s-bea r ing rock s 
of the bas i n , the s i x s ubba s i n s  and the i r  var i o u s  forma t ions wh i c h  
comp r i s e  the Greater Gr een River bas i n , a nd t h e  n umber o f  prod u c 
t i ve sect ions in  e a ch forma t ion and t h e  ma x imum r e coverab l e  g a s  are 
g iven in Table 1 1- 3 .  Of the 8 6 . 5 TCF ma x imum re cove rable gas i n  
the Grea te r  Gree n  River bas i n ,  3 6  percen t ( 3 1 . 2 TC F )  i s  ava i l ab l e  
i n  Lew i n  Area 2 & 3 .  Wi th i n  th i s  subba s i n , 4 2 . 5 percent ( 1 3 . 3 TCF ) 
i s  con t a i ned in the Er i c son , Ro ck Spr in g s , Bla i r  forma t io n . Th e 
second l a rg e s t  max imum r ecove rab le ga s-con t a i n i ng f orma t io n  i s  the 
Almond B s tacked w i th th e Er i c so n , Ro ck Spr i ngs , Bl a i r .  The s ta c k  
wi l l  y i e l d  7 . 2 TCF . Th i s  g a s  i s  contai ned i n  4 1 6 s e c t ions , wh i l e  
the Er i c so n , Ro ck Spr in g s , Bl a i r forma t ion gas i s  d i s tri buted over 
1 , 1 4 2  s e ct ions . Th e ave rag e produc ing depth s o f  the forma t ions 
range from 7 , 5 0 0  feet for the For t Un ion to 1 4 , 0 0 0  feet for the 
Fron t i e r . Th e ma j or i ty o f  the forma t ions wi th i n  the s i x s ub ba s i n s  
have greater t h a n  1 . 2 TCF ma x imum recoverab l e  ga s .  The l owe s t  
y ield o f  t ig h t  g a s  come s from the Almo nd f o rma tion i n  the Wa shak i e  
s ubbas i n  ( 0 . 6  TC F ) .  Al l other forma t ions y i e ld a t  l e a s t  twice tha t 
amoun t .  

Th e amount o f  g a s  po ten t i a l  as a f un c t io n  o f  pr i c e  and l eve l o f  
technology i s  s ummar i z ed i n  Tab l e  1 1- 4  f o r  t h e  var i o u s  forma t ion s 
compr i s i ng the s i x s ub ba s i n s . Th ree pr ice leve l s  ( $ 2 . 5 0 ,  $ 5 . 0 0 ,  
and $ 9 . 0 0 )  are g iven for base and ad vanced techno l o gy . Tabl e  1 1- 4  
s hows tha t  the ma x imum gas  po te n t i a l  for the Gr e a te r  Gr een River 
bas in us i ng base technology is 4 6 . 2 TC F a t  a pr i c e  of $ 9 . 0 0/MCF . 
Th e gas  po ten t i a l  i s  red u c ed 3 3  percent  to 3 0 . 8 TCF a t  $ 5 . 0 0/MC F  
and 9 3  percent a t  $ 2 . 5 0  t o  3 . 1 TCF . Ad vanc ed technology toge th e r  
w i th a $ 9 . 0 0/MCF pr i c e  w i l l  prod u c e  7 4 . 4 ( o r 8 6  perce n t ) o f  t h e  
8 6 . 5 TC F ma x imum recoverable gas in  t h e  bas i n .  Ad vanced technology 
s ubs tan t i a l ly incre a s e s  the amoun t  of gas recove red at a l l  pr i c e  
leve l s . A t  $ 2 . 5 0/MC F , appro x ima te ly t h r e e  t ime s mor e  gas  i s  pro
duced w i th ad vanced tech no l ogy than w i th base techno logy . Th e 
incremental  gas a t  $ 2 . 5 0  come s from th e Fron t i e r  forma t ion i n  s ub
b a s i n  W/ 2 Lew i n  4 ,  Br id ge r ,  Lew i n  5 ( 3 . 4  TCF ) a nd by s ta ck ing 
toge ther th e Almond A with Er i c so n , Ro ck Spr in g s , B l a ir forma t ion s 
i n  the Lew i n  Ar ea 1 s ubba s i n  ( 1 . 7  TCF ) . Li kew i se , s tack ing 
toge ther the Lowe r Me s ave rde w i th th e Almond in Was h a k i e  s ubbas in 
adds 1 . 2 TCF a t  $ 2 . 5 0  u s ing advanced techno l ogy . Doub l i ng the 
pr ice from $ 2 . 5 0/MC F t o  $ 5 . 0 0/MC F and u s i ng on l y  base te chnology 
subs tan t i a l ly incre a s e s  ( by a factor of 8 . 4 )  t he g a s  po te n t i a l  o f  
the ba s i n , but s t i l l  le ave s 6 5  percent  o f  t h e  ma x imum recove rable 
gas i n  the ground . 

Be g i n i ng w i th Ta b l e  1 1- 5  a nd con t inu i ng through Tab le 1 1- 2 3 5 ,  
the tab l e s  are organ i zed into 3 3  s e t s  o f  s e ven tab l e s  eac h . Co n 
tained in each s e t  are tab l e s  o f  g eolog i ca l  d a ta , g a s  prod u c t io n  i n  
MMC F per year pe r we l l  over a 3 0 -year pe r iod f o r  b o t h  b a s e  and 
advanced tech nol ogy , the number of we l l s  req u i red to prod u c e  the 
forma t ion at the two technology l e ve l s , i n ves tme n t  and opera t i ng 
e xpens e s  neces sary fo r the spe c i f i c forma t io n  i n  the par t i c u l ar 
s ubbas i n ,  and the e conom i c  s umma r i e s  for base and advanced 
technology . 
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t-' 
t-' 
I 

t-' 
0 

Numb e r  o f  S ucces s fu l  W i l dc a t  W e l l s 
T o ta l 
G a s  
O i l 
O i l and G a s  

Amoun t of P e t ro l eum Found 
T o ta i ,  MMB OE 1'n'c 
G a s , B C F  
0 I 1 , M M  B b 1 s . 

N umb e r  o f  W I l dca t W e l l s  
T o t a l  
G a s  )'( 
0 I I 1'c O i l and G a s  

Numb e r  o f  W i l dca t s/Yea r 

Pe rcen t W i l dc a t s  Succes s fu l  
T o t a l 
G a s  
O i l 
O i l a nd G a s  

Amou n t  Found / S ucces s fu l  W i l d ca t 
T o t a  I ,  MMB OE E 
G a s , B C F  
0 I I , MM B b  I s  

Ave rage D e p t h  o f  W e l l s ,  M f t . 
O i  I 
G a s  

TAB L E  1 1 -2 
E X P L ORAT I ON PERFORMAN C E - G r een R i ve r  B a s i n  

1 960 - ·�6� 1 97 0  - ��u 
A l l N ew N ew Poo l s  & A l l N ew New Poo l s  & 

W e l l s  F i e l d s Dee�e r  P rod . W e l l s  F i e l d s Dee�e r P rod . 

79 65 1 4  1 26 1 I I 1 5  
5 1  43 8 1 0 2 9 2  t o  
25 1 9  6 2 2  1 8  4 

3 3 0 2 1 1 

1 48 .  I 1 1 1  . 1 3 7 . 0 5 05 . 9  226 . 5 2 79 . 4  
6 29 . 7 3 2 1 . 0 3 08 . 7 5 70 . 0  483 . 2  86 . 8  

2 5 . 0  2 2 . 9  2 .  1 1 0 . 9  1 0 . 6  0 . 3 

663 6 3 2  3 1  556 5 3 1 25 
428 408 20 45 0 430 2 0  
2 1 0  200 1 0  9 7  93 4 

2 5  2 4  1 9 8 1 

66 6 3  3 69 66 3 

1 1 . 9 1 0 . 3  45 . 2  2 2 . 7  20 . 9  6 0 . 0  
1 1 . 9 1 0 . 5  40 . 0  2 2 . 7  2 1 . 4  5 0 . 0  
1 1 . 9  9 . 5  6 0 . 0  2 2 . 7  1 9 . 4 1 00 . 0  
1 2 . 0  1 2 . 5  0 2 2 . 2  1 2 . 5  1 00 . 0  

1 . 9 1 . 7  2 . 6  4 . 0 2 . 0  1 8 . 6  
1 2 . 3  7 . 5 3 8 . 6  5 . 6  5 . 3  8 . 7 

1 . 0 1 . 2 0 . 4  0 . 5  0 . 6  0 .  I 

5 .  t o  5 . 6 3 3 . 42 9 . 92 9 . 94 9 . 85 
6 . 57 6 . 09 9 . 1 8  1 0 . 85 1 0 . 5 7 1 3 . 34 

r�6 o  - J 9Z7 
A l l New New Poo l s  & 

W e l l s  F i e l d s  D e epe r P rod . 

2 0 5  1 76 29 
1 5 3 1 3 5 1 8  
47 3 7  1 0  

5 4 I 

65 4 . 0 3 3 7 . 6  3 1 6 . 4  
1 1 99 . 7 8 04 . 2 3 95 . 5  

3 5 . 9  3 3 . 5  2 . 4  

1 2 1 9 . 0 1 1 6 3 . 56 
8 78 8 38 40 
3 0 7  293 1 4  

3 4  3 2 2 

68 65 3 

1 6 . 8  1 5 .  1 5 1 . 8  
1 7 . 4  1 6 .  1 t�5 . o 
1 5 . 3  1 2 . 6  7 1 . 4  
1 4 . 7 1 2 . 5  5 0 . 0  

3 . 2  1 . 9 1 0 . 9  
7 . 8  6 . 0  2 2 . 0  
0 . 8  0 . 9  0 . 2 

7 . 36 7 . 73 5 . 99 
9 . 42 9 . 1 4  I I .  5 2  

�·: E s t i ma t ed by mu l t i p l y i n g  t h e  numb e r  w i l dc a t s  by t he s ame p e r c en t a ge d i s t r i bu t i on a s  t h e  s uc c es s fu l  w i l dc a t s . 
-,'c·): I nc l udes g a s  i n  s o l u t i on w i th o i l a n d  conden s a t e  produced w i t h  g a s . C onve rs i on 5 . 8  MC F = I b b l o i l .  



...... 
...... 
I 

...... ...... 

BAS I N  SUB-OAS I N  

Greater Green L ew i n  Area 
R i ver 

S u b-Bas i n  T ot a l 

Lew i n  Area 2 & 3 

S u b-Bas i n  Tot a l 

Washak i e  

S u b-Bas i n  T ota l 

TABL E  1 1 - 3 

FOm,AT I ON -----
A l mond f\ 
E r i c so n , Hoc k Sprys . ,  B l a i r  
Fort U n  i o r 1  
A l rnond f\ + A l rnon d  B 
A l mond A +  E r i cson , R/ S ,  B l a i r  
A l mond H + E r i c son , R/5 , B l a i r  
L a n c e  a n d  L m'>' i s  

A l mond A 
A l mon d  B 
Er i cson , R/5 , O l a i r  
Fort Un i on 
A l mond A + A l mond 8 
A l mond 8 + Er i c son , R/S , B l a i r 
Lance and Lew i s  

A l mond 
Lance - Lew i s  
Lower Mesa V erde 
La nce- Lew i s  + A l mond 
Lower Mes a  Verde + A l mond 

E/2 L ew i n  Area 4 Mesa V erde 
Fort Un i on 
Fort Un i on + Mesa V erde 

S u b-Bas i n  Tot a l 

( con t I nued ) 

MAX I MUM 
P R ODUCT I V E  R E C OV ERAB L E  

AREA GAS 
(S E CT I ON S} (B C F) 

5 1  3 07 
2 76 3 '  1 8 0 
1 9 1 I ,  7 0  I 

90 I , 1 5 6 
8 5  I , 854  

2 1 5  3 , 8 5 5  
267 I :  787 

I ,  1 7 5 1 3 , 8 40 

4 3 6  1 , 465 
228 I ,  247 

1 ' 1 42 1 3 , 30 1 
1 42 1 , 2 26  
1 87 1 , 68 7 
4 1 6  7 , 2 1 4  
7 2 7  5 , 092 

3 , 27 8  31 , 23 2  

2 7  1 5 9 
1 9 2 I , 823  
285 4 , 40 1  

48 7 3 5 
75 I , 6 08 

627  8 '  7 26 

3 05 4 , 2 90 
1 78 2 ,  298 

3 4  9 1 8 

5 1 7 7 , 5 06 



TABL E 1 1 -3 ( Conti nued ) AAX I MUM 
P R OD UCT I V E  R E C OV ERABLE 

AREA GAS 
BAS I N  SUB-BAS I N  FORMAT I ON (S ECT I ONS) (B C F) 

W/2 L ew i n  4 ,  
Br i d ger Fort Un i on 3 2 1 2 ,877 
Lew i n  5 Mesa Verde Lance I ,  I 04 7 , 544 

Front i er 783 4 , 92 1  
Mesa Verde- L a n ce + Front i er 1 38 I , 809 

I-' Ft . U n i on + Mesa V erde-Lance 1 38 2 , 1 7 7 I-' I I-' 2 , 484 1\J Sub-Bas i n  Tot a l 1 9 , 328 

Greater Green Sa nd wash Lew i s 7 000 237 925 

R i ver Lew i s  9000 263 I , 3 04 

Mesa V erde 9000 1 43 I ,  307 

Mesa Verde 1 1 000 1 69 1 , 648 

Lew i s  7000 + Mesa V erde 9000 26 344 

Mesa Verde 9000 + Mesa Verde 1 1 000 1 9 357  

S u b-Ba s i n  Tot a l 
85 7 5 , 885 

Bas i n  Tot a l  
8 '  938 86 , 5 1 7  



TABL E  1 1 -4 

SUMMARY OF GRE ATER G R E EN R I VE R  B AS I N  GAS POTENT I AL 
( BCF ) 

BASE ADVANCED 
BAS I N  SUB-BAS I N  FORMAT I ON $2 . 50 $ 5 . 00 $9 . 00 $2 . 50 $ 5 . 00 $ 9 . 00 

Greater Green Lew i n  Area t A l mond A 225 286 294 29 1 307 307 
R i ver Er i c son , Rock Sprg s . ,  B l a i r  0 0 1 202 0 1 609 2090 

Fort U n i on 0 729 783 0 1 4 7 5  1 6 70 
A l mond A + A l mond B 1 0 59 1 092 1 092 t t 56 t 1 56 t t 56 
A l mond A +  E r i cson , R/S , B l a i r  0 1 204 1 204 1 664 1 8 54 1 8 54 
A l mond B + Er i c son , R/S , B l a i r  0 1 856 2090 0 3 1 48 3839 
Lance and Lew i s  0 992 t 1 02 0 1 389 1 78 7  

Su b-Ba s i n  Tot a l 1 284 6 1 59 7767 3 t t I 1 0938 1 270 3 

L ew i n  Area 2 & 3 A l mond A 0 709 1 23 1  t t o  1 1 326 1 465 
f-' A l mon d  B 0 770 838 0 975 1 1 56 
f-' 

I Er i c son , R/S , B l a i r  0 4085 5046 0 6700 9 1 64 f-' Fort Un i on 0 540 578 0 1 070 1 20 7  w 
A l mond A + A l mond B 1 34 9  1 660 1660 1 6 8 7  1 6 8 7  1 6 8 7  
A l mond B + Er i cson , R/S , B l a i r  0 3358 3740 0 5952 72 1 4  
Lance a n d  L ew i s  0 2699 2998 0 4404 47 i 7  

Su b-Bas i n  Tot a l  1 349 1 382 1 1 609 1 2788 22 1 22 266 1 0  

Was hak i e  A l mond 0 1 39 1 5 4  1 59 1 5 9  1 5 9  
Lance - Lew i s  0 623 7 62 0 4 63 1 509 
Lower Mesa V erde 0 0 1 737 0 0 3 1 7 6 
Lance-Lew i s  + A I rnond 4 4 3  6 5 1  6 5 1  735 735 735 
Lower Mes a  V erde + A l mond 0 1 30 7  1 369 t 1 94 1 608 1 6 08 

Su b-Bas i n  Tot a l 4 4 3  2 720 4673 2088 2965 7 1 8 7  

E/2 L ew i n  Area 4 Mesa V erde 0 0 1 832 0 1 235 394 2  
Fort Un i on 0 688 886 0 1 367 2070 
Fort Un i on + Mes a V erde 0 368 38 5 0 858 9 1 7  

S u b-Bas i n  Tota l 0 1 056 3 1 03 0 3460 6 929 

( cont i nued ) 



TABL E  1 1 -4 ( Conti nued ) 

BASE ADVANCED 
BAS I N  SUB-BAS I N  FORMAT I ON $2 . 50 $ 5 . 00 $9 . 00 $2 . 50 $ 5 . 00 $9 . 00 

W/2 L ew i n  4 ,  
Br I d ger Fort Un i on 0 0 978 0 1 69 5  2489 
Lew i n  5 Mesa Verde Lance 0 0 34 25 0 0 5004 

Front i er 0 3439 4349 3439 4737 4737 
Mesa Verde-Lance + Front i er 0 1 237 1 622 0 1 809 1 809 

1-' Ft . U n i on + Mesa V erde-Lance 0 722 937 0 1 4 54 2067 1-' 
I 

1-' 
S u b-Bas i n  Tota l ""' 0 5 398 1 1 3 1 1 3439 9695 1 6 1 06 

Greater Green Sand was h Lew i s  7000 0 674 752 92 5 925 925 
R i ver Lew i s  9000 0 72 1 900 0 1 304 1 304 

Mesa V erde 9000 0 0 505 0 0 84 8 
Mesa Verde 1 1 000 0 0 670 0 0 1 092 
Lew i s  7000 + Mesa Verde 9000 0 20 5 225 0 335 34 4 
Mesa Verde 9000 + Mosa Verde 1 1 000 0 0 1 59 0 256 329 

S u b-Bas i n  Tota l 0 1 600 32 1 1  92 5 2820 484 2  

Bas i n  Tota l 3076 307 5 4  46 1 56 1 235 1 52000 74377 



A f e e l  for the i n fo rma t ion conta i ned i n  each o f  the 3 3  s e ts 
of tab les can b e s t  be apprec i a te d  u s i ng th e Almond A forma t ion i n  
s ubba s i n  Lew i n  1 ( Ta b l e s  1 1- 5  through 1 1- 1 1 )  a s  a n  e x amp l e . Table 
1 1- 5  l i s t s  the geolog i c a l  d a ta used i n  the pro d u c t ion p rogr am to 
obta i n  the g a s  produc t io n  fo r the six  perme ab i l i ty l eve l s  rang i ng 
from 0 . 3  md to 0 . 0 0 1  md and shown i n  Tab l e  1 1- 6  i n  MMC F per year 
per we l l  al ong w i th the 3 0-ye ar cumul a t ive prod u c t io n  for each 
pe rmeab i l i ty l e ve l . Tab l e  1 1- 7  g i ve s the s ame i n forma t ion a s  Table 
1 1- 6 ,  b u t  for ad va nced techno l ogy , wh i c h  u s e s  4 , 0 0 0- f oot frac ture 
rather than the 1 ; 0 0 0 - foo t rad i u s  used i n  base te chnology . Tab l e  
1 1- 6  s hows t h a t  the se cond h ig h e s t  pe rme ab i l i ty l eve l ( 0 . 1  md ) h a s  
the h ighe s t  i n i t i a l  prod u c t ion l e ve l  ( 5 4 8  MMC F per year ) a s  we l l  a s  
t h e  h ig h e s t  l eve l d u r ing i ts second year , bu t i t  f a l l s  beh i nd the 
prod u c t ion from th e fr . 0 3 md and 0 . 0 1 md pe rmeab i l i ty l e ve l s  d u r i ng 
the f i f th ye ar . Af ter the 1 5t h  ye ar i t  i s  l e s s  than the lowe s t  
pe rme ab i l i ty l e ve l  ( 0 . 0 0 1  md ) .  The h i ghe s t  c umu l a t ive pro d u c t ion 
ove r  the 3 0  years come s from the 0 . 0 3 md perme ab i l i ty l eve l for 
base and advanced technology ( 2 . 6  BC F and 1 1 . 4 BCF , respe c t i ve ly ) . 
Al though the h ig h e s t  perme ab i l i t ies  have the h ig h e s t  i n i t i a l  pro
d uc t ion r a te s , in genera l ,  th ey a l so h ave the h i ghe s t  d e c l i n e  
rate s . In the advanced case fo r the Almond A f orma t io n  i n  s ubbas i n  
Lewin Are a  1 ( Table  1 1- 7 ) ,  pe rmeab i l i ty l e ve l  0 . 0 3 md i s  a notab l e  
e xcept ion . It h a s  the h ig h e s t  i n i t i a l  rate ( 1 . 1  B CF per ye ar ) a nd 
i t  a l so has the h ighe s t  rate  a f te r 3 0  yea r s ' prod u c t io n  ( 2 4 4  MMCF 
per year ) . 

Th e to tal g a s  r ecove red from the Almo nd A u s i ng base and ad 
vanced te chnology i s  g i ve n  i n  Tab l e  1 1- 8  along w i th the n umber o f  
we l l s  req u i red per s e c t ion a t  the s i x perme ab i l i ty l eve ls . For 
perme ab i l i t i e s  o f  0 . 0 3 md or les s , ha l f  a s  ma ny wel l s pe r s e c t ion 
w i l l  prod u c e  more g a s  u s i ng advanced tech nology than can be pro
duced w i th base technology . 

ECONOM I C S  

Th e ba s i c geolog i c  and produc t io n  d a ta a r e  u s e d  w i th the eco
nom i c  s imula tor mod e l  to generate the ne c e s s a ry i nves tme n t  and the 
rates of return on i nve s tme nt from cos ts and r i sk s  a s so c i ated w i th 
f ind i ng and prod u c i ng t ig h t  gas from the two b l a nk e t  s an d s  and four 
l ent i c u lar sands o f  the bas i n . Ea ch forma t ion i n  e a ch o f  the s i x  
s ubbas i ns i s  prod uced separate ly i n  the mod e l ;  whe n  geology and 
good comp l e t ion prac t ices  perm i t ,  we l l s  are a l s o  comp l e ted in two 
forma t ions . Th i s  " s ta ck i ng " pra c t ice wa s done i n  a l l  s i x o f  the 
s ubbas i ns . Th ey are l i sted in Ta ble 1 1- 3  a long w i th the ma x imum 
recoverab l e  gas . 

The amount o f  t i g h t  gas produ c t io n  from the var i o u s  forma t ions 
and s ubba s i ns is d epend e n t  upo n gas pr ice and the l eve l o f  techno l 
ogy employed t o  recover the ga s .  Th i s  i s  sh own d r ama t i ca l ly i n  
Table 1 1- 4  f o r  s i ng le fo rma t io n  comp l e t ions a s  we l l  a s  several d u a l  
forma t ion ( s ta c k i n g ) comple t ion s . An e x ampl e  o f  wha t  s ta ck i ng can 
prov ide i s  i l l u s tr a te d  i n  Ta ble 1 1- 4  by the Wa shak i e  s ub ba s i n ,  
Almond and Lowe r Me s averde forma t ion s .  Us i ng b a s e  c a s e  te chno logy , 

1 1 - 1 5  



TOTAL BAS I N  AREA ( S ECT I ONS ) : 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  2 5 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 

I-' 
PERM . AREA POROS I TY TH I CKNESS 

I-' (MD )  ( SECT I ONS ) ( % ) ( FT . )  
I --

I-' 
0"1 

0 .3 2 5 . 6 7 

0 .  1 6 4 . 7  1 2  

0 . 03 1 6  4 .0 20 

0 . 0 1  1 5  3 . 6 27 

0 . 003 9 3 .4 35 

0 . 00 1  2 3 . 2 35 

5 1  

TABLE 1 1 - 5 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Lew i n  I 
FORMAT I ON :  A l mond A 

EST I MATED MAX . 
GAS I N  P LACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

C BCF ) ( BCF ) 

7 . 78 6 

33 . 66 28 

1 27 . 36 93 

1 4 5 . 0 5  9 8  

1 06 .6 5  66 

22 .28  1 6  

443 . 307 

DEPTH ( FT .  ) : 1 0, 000 
PRESSURE C PS I A ) : 6 , 200 
TEMPERATURE ( ° F ) : 2 1 5  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2 n d  W/C 

0 . 50 1 . 0 

0 . 60 1 . 0 

0 . 75  1 . o  

0 . 80 1 . 0 

0 . 85  1 . 0 

0 .8 5  1 . 0 



TABLE  l l - 6 

w E L L  P R OD UC T I ON S U M M A R Y --B A S E  C A S E  

G R E A T E R G R E E N R I V E R ,  L E W I N A R E A  1 ,  A L M O N D  A 

G A S  P R O D UC T I D �  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( MD )  
Y E A P  

1 5 3 6  5 4 8  4 5 3  3 2 3  2 0 7  1 1 0 

I-' 2 2 6 0 3 0 9  2 7 8 1 9 4 1 2 0  6 2  
I-' 
I 

I-' 
-:1 5 7 8  1 2 5  1 5 1  1 2 2  7 7  3 9  

1 0  2 2  4 9  8 1  8 0  5 7  2 9  

1 5  q 2 6  5 0  6 0  4 7  2 4  

2 0  6 1 2  3 6  4 6  4 0  2 1  

3 0  4 5 1 9  3 0  3 1  1 8  

3 0 - Y E A R 
C U � M . 
P R O D . 1 4 8 8  2 0 4 6  2 5 8 4  2 3 8 8  1 7 3 2  9 0 7  

( M M C F ) 



TABLE  1 1 - 7 

W E L L  P R OD U C T I O� S U M M A R Y -- A D V A N C E D  C A S E  

G R E A T E R  G R E E N  R I V E R , L E W I N  A R E A  1 ,  A L M O N D  A 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E l l ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C MO )  
Y E A R  

1 6 9 4 8 1 6 1 1 0 2 8 8 1  6 8 6  3 9 3 

2 2 7 3  3 8 0 7 2 8 5 4 6 3 8 7  2 1 5  
I-' 
I-' 
I 

I-' 
co 5 6 0  1 1 0  4 9 6  3 5 0 2 3 6 1 2 6 

1 0  1 1  3 0  3 7 9  2 6 4  1 7 3  8 9  

1 5  3 1 0  3 2 3  2 2 6 1 4 3  7 7  

2 0 2 2 2 9 0 2 0 1  1 3 0  6 7  

3 0  1 0 2 4 4 l 7 2  1 0 8  5 5  

3 0 - Y E A R 
C U M M . 
P R O D .  

( M M C F ) 
1 4 4 2  2 0 6 1 1 1 4 3 9 8 1 8 9  5 4 6 9  2 9 2 1  



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY US ED 

I-' ( MD )  ALL GAS ! MAX=4 l 
I-' 
I 

I-' 
\0 . 3  2 . 1 3  2 .  1 3  

• 1 2 . 1 1  2 .  1 1  

. 03 2 . 23 2 . 23 

• 0 1  2 . 75 2 . 7 5  

. 003 4 . 33 4 

. 00 1  7 . 78 4 

TABLE l l -8 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n  1 
FORMAT I ON :  A l mond  A 

RECOV ERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WEL LS REQD . TO PRODUCE 
( BCF ) ALL GAS 

6 2 .  1 1  

28 2 . 09 

93 . 5 1 9  

98 . 802 

6 1  1 . 3 7  

8 2 . 4  

294 

ADVANCED CASE 
NUMBER OF  RECOVERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUAL LY USED ACTUAL WELLS 

! MAX= 1 2 l  ( BC F )  

2 .  1 1  6 

2 . 09 28 

. 5 1 9  93 

. 802 98 

1 . 37 66 

2 . 4  1 6  

307 



� 
� 
I 

N 
0 

TABLE 1 1 - 9 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e )  

BAS I N :  Greater Green R i ver 
SUB-BAS I N : Lew i n  1 
FORMAT I ON :  A l mond A 

Ad van ced Ca se [ 2000/4000 Ft . Fracture )  

Surface Eq u i pment ( $/We I I ) 

Annua l Operat i ng Expense ( $/We i I )  

Compres sor F ue l Cost ,  Rat i o  of  Cost to 

W .  I .  Ga s Revenue  

20 , 000 

923 , 000 

1 08 , 540 
1 38 , 000 - 356 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



�...J 
I-' 
I 

N I-' 

BAS I N  Grea t e r  G reen R i ver 
SUB BAS I N  Lew i n  Area I 

GAS PR I C E  
CASE N O . VMCF 

D i scount  Rate l ifk 
080 1 1 I I  I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
B l  1 2 . 00 

D i scount Rate l�k 
1 2  1 . 50 
22 2 . 50  
3 2  3 . 1 0  
42 3 . 50 
52  5 . 00 
6 2  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Rate 2�/o 
1 3  I .  50 
23 2 . 50 
3 3  3 . 1 0  
43 3 . 50 
53 5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : A B 
0 .  3 0 .  I 

PROF I T .  K -LEVELS 
PROSP . ON STREAM 
__ % __ NO .  VALUE * 

24 . I I c 
5 7 . 7 4 ABCO 
]2 . 4  5 ABC DE " " " " " " 
76 . 2  6 ABCOEF " " " " " " 

0 0 -
57 . 7  � ABCD " " " " " " 
72 . 4  5 ABC DE 
76 . 2  6 ABCDEF " " " " " " 

0 0 -
3 3 . 4  3 ABC 
57 . 7 4 ABCD " " " 
]2 . 4  5 ABC DE " " " 
76 . 2  6 ABCDEF " " " 

C D E F 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  

FORMAT I ON A l mon d  A 

AVERAGE PER PROSPECT 
E & p GAS NET PRES . 
I NVEST . PROD . VALUE 
_w_ � �M 

3530 - - 1 20 
6955 I I .  1 08 2659 
89 1 5  1 4 . 228 4630 " ' "  5748 " " 9940 
9362 1 4 . 649 1 5730 " " 2 1 435  " " 29992 

1 2 1 5  - -690 
6955 l l .  1 08 1 5 1 1 " " 2558 " " 3256 
89 1 5  1 4 . 228 6 7 1 9  
9362 1 4 . 649  1 0933  " " 1 5 1 20 " " 2 1 40 1  

1 2 1 5  -690 
4 760 6. 7 1 1 426 
6955 I I .  1 08 1 637 " " 2 1 8 1  
89 1 5  1 4 . 228 4762 " " 7936 
9362 1 4 . 649 1 1 2 3 1  " " 1 6083 

T.A.BLE  1 1 - l 0 

ECONOM I C S  SUMMARY 
fECHNOLOGY Base 

DATE June 1 980 

BAS I N  TOTALS WELLS 
DCF RATE MAX NO . W I LDCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT � AT PR I C E,BCF G I P,BCF AT PR I CE & DRY PROD . !!!r!'.. PROD, TOTAL 

8 . 4  - 24 .  I 
3 1 . 8 225 225 20 57 . 7  8 1 2  2 1  84 1 25 
4 1 . 6  286 29 1  " ]2 . 4  6 1 4  28 1 12 1 60 
49 . 6  
78 . 5  I l l .  4 294 307 20 76 . 2  5 1 5  3 1  1 24 1 75 

1 4 1 . 0  
1 78. 9 

0 
3 1 . 8  225 225 2Jl 57 . 7  8 1 2  2 1  84 1 25 
4 3 . 6  
5 1 . 3  
78. 5  286 29 1  " ]2 . 4 6 1 4  28 1 1 2 1 60  I l l .  4 294 307 " 76 . 2  5 1 5  3 1  1 24 1 75 

1 4 1 . 0  " " " " " " " " " 
1 78 . 9  

0 
28. 0 1 27 1 27 1 9  33 . 4  1 3  6 1 3  5 1  83 
4 3 . 6  225 225 29 57 . 7 1 2  2 1  84 , ! 25 
5 1 . 3  " " " " " " " " 
78. 5 286 29 1  " 72 . 4  (, 1 4  2� 1 1 2 1 60 

1 1 2 . 4  " " " " " " " " " 
1 4 1 . 0  294 307 " 76 . 2  5 H 3 1  1 24 1 75 
1 78 . 9  " " " " " " " " " 



t-' 

t-' 
I 

N 

N 

BAS I N  Gceatet Gteec Bi�ec 
SUB BAS I N  Lew i n  Area I 

GAS PR I C E  
CASE NO . VMCF 

D i scoun t Rate l �h  
080 1 2  I I  I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  s . oo 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Rate l�h 
1 2  I .  so 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Rate 2�/o 
1 3  
23 
33 
43 
5 3  
63  
73  
83  

* CODE : 

I .  50 
2 . 50 
3 .  1 0  
3 . 50 
5 . 0D 
7 . 00 
9 .  00 

1 2 . 00 

A B 

0 .  3 0 . I 

PROF I T . 
PROSP . 
___.X_ 

70 . 2  
76 . 2  " 

" " 
" " 
" 

6 3 .  1 
72 . 4  
76 . 2  " " " 
" " 

48 . 4  
72 . 4  
76 . 2  " 
" 
" " 
" 

c 
0 . 03 

D 
0 . 0 1  

FORMAT I ON A l mond A 

AVERAGE PER PROSPECT 
K -LEVELS E & p 
ON STREAM I NVEST . 
NO .  VALUE * _w_ 
4 BCDE 39 1 2  
6 ABC DEF 4 703 " " " 
" " " " " " 
" " " " " " 
" " " 

3 CDE 3 1 37 
5 ABC DE 4 399 
6 ABCDEF 4703 " " " " " " " " " 
" " " " " " 

2 CD 2407 
5 ABC DE 4 399 
6 ABCDE F 4703 " " " 
" " " 
" " " 
" " " 
" " " 

E 
0 . 003 

F 
0 . 00 1  

GAS NET PRES . 
PROD . VALUE 
� �M 

1 3 . 686 20 1 2  
1 4 . 869 4977 " 67 1 7 " 7878 " 1 2228 " 1 8029 " 2 3830 " 3253 1  

1 2 . 457 973 
1 4 . 2 1 3  32 1 9  
1 4 . 869 4599 " 5459 " 8686 " 1 2989 " 1 729 1  " 23745 

9. 347 297 
1 4 . 2 1 3  2253 
1 4 . 869 3 320 " 3995 " 6526 " 990 1 " 1 3276 " 1 8339 

TABLE  1 1 - 1 1 

ECONOM I CS SUMMARY 
TECHNOLOGY Advance 

DAT E J une 1 980 

BAS 1 N TOTALS WELLS 
DCF RATE MAX NO .  loll  LDCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS lol l  LDCAT DEVE LOPMENT 
� AT PR I CE,BCF G I P,BCF AT PR I CE ':;. DRY f!!QQ.. DRY PROD . � 

32 . 2  285 285 2 1  70 . 2 7 1 4  9 33  63  
62 . 9  307 307 2.1 76 . 2 6 1 5  I I  44 76 
80 . 8  
9 2 .  I 

1 30 . 8  
1 75 .  I 
21 3 .  6 
264 . 2  

30 . 3 257 257 2 1  63 . 1 8 1 3 5 2 1  47 
63 . 0  29 1  29 1  20 72 . 4 5 1 5  9 39 68 
80 . 8 307 307 2 1  76 . 2  6 " 1 1  44 76 
92 . 1  " " " " " " " " " 

1 30 . 8  
1 75.  1 
2 1 3 . 6  
264 . 2 

26 . 7  1 9 1  1 9 1  20 48 . 4  I I  9 3 1 2  34 
6 3 . 0  29 1  29 1  " 72 . 4  5 1 5  9 39 68 
80 . 8  307 307 2 1  76 . 2  6 1 5  I I  44 76 
92 . I " " " " " " " " " 

1 30 . 8  
1 75 . 1 
2 1 3 . 6  
264 . 2  



2 7  s e c t ions o f  the Almond forma t ion prod u c e s  1 3 9 B CF o f  g a s  a t  
$ 5 . 0 0/MC F and a 1 5  pe rce n t  d i scount rate , or ab ou t 5 BC F/per s e c 
t ion . Th e lowe r Me saverde i s  uneconom i c  a t  th i s  pr ice and d i scount 
rate . Howe ve r , whe n  these  two forma t ions are pro d uced toge ther 
they y i e l d  1 , 3 0 7  B CF f r om 7 5  s e c t ions , o r  1 7  B CF per s e c t ion . 

Th e i nv e s tme n t  and ope ra t i ng expens e s  for the Almo nd A f orma 
t ion i n  Lewi n  Are a 1 s ubba s i n  are g i ve n  i n  Tab l e  1 1- 9 .  Inves tmen t 
and opera t i ng expens e s  for other forma t ions i n  Lew i n  Ar ea l and the 
other f i ve s ubbas i n s  are d i s tr i buted thro ugh o u t  the tables  be tween 
Table 1 1- 1 1  a nd Ta b le 1 1- 2 3 5 .  Th e ma j or d i f f erence i n  v a r i o u s  
tabl e s  i s  i n  d r i l l i ng and fract ur i ng cos t s . Dr i l l i ng c o s t s  va ry 
d i rectly wi th forma t io n  depth wh i l e  frac t ur ing c o s t s  v a ry w i th 
fracture length and he i gh t ( base vs . ad vanc ed te c h nology ) as  we l l  
as wi th fo rma t ion depth . Th e fractur e  l e ng t h  and h e ig h t d e term i ne 
the vo l ume of frac f lu id requ i red and the amo u n t  o f  propp i n g  agen t ,  
a l l  of wh i c h  are d i re c t ly re l a ted to cos t .  

Th e e conom i c  s umma r i e s  for the va r i o u s  s i ng u l arly c omp l eted 
forma t ions as we l l  as the s ta cked forma t ions i n  the s i x s ubbas i n s  
appe ar be twe en Ta b l e s  1 1- 1 0  a nd 1 1- 2 3 5 . Tab le 1 1- 1 0  i s  an e conom i c  
s umma ry of the Almond A forma t ion i n  Lewi n  Are a  1 s ubbas i n  u s i n g  
base c a s e  tech nology . Th i s  table and a l l  o t h e r  econom i c s umma ry 
tab les g i ve three s e t s  o f  d a t a , corres pond i ng to d i scount  rate s o f  
1 0 ,  1 5 ,  and 2 0  perce n t . In each d a ta se t there are e ig h t g a s  p r i c e  
leve l s , rang ing f r o m  $ 1 . 5 0/MC F t o  $ 1 2 . 0 0/MC F .  Ca s e  Numbe r 0 3 0 1 1 3 1 ,  
Table 1 1- 1 0 ,  uses  base case tech no logy a t  $ 3 . 1 0/MCF a nd a 1 0  per
cent DCF ROR . I f  the e n t i re product i ve area i s  dr i l l ed a t  $ 3 . 1 0/ 
MCF , 7 2 . 4 percent o f  the prospe c t s  wi l l  be pro f i t a b le . Of the s i x  
pe rme ab i l i t y l e ve l s i n  the forma t io n , f i ve ( 0 . 3 md t o  0 . 0 0 3  md ) 
wi l l  prod u c e  a t  a prof i t . Th e average expl or a t ion and prod u c t ion 
inves tment pe r prospe c t  r eq u i r e s  $ 8 . 9 1 5  m i l l io n , wh i ch w i l l  g i ve n 
a ne t pr e s e n t  v a l u e  a t  a 1 0  percent d i scou n t  rate o f  $ 4 . 6 3  m i l l ion . 
Th e DC F ROR wo uld be 4 1 . 6 percen t .  Th i s  l evel  o f  i n ves tme n t  wo uld 
prod u c e  1 4 . 2 3  B CF of  g a s  pe r prospe c t . In tere s t i ng ly , e v e n  though 
a we l l  d r i l l ed i n  the 0 . 0 0 1  md pe rme ab i l i ty zone wo uld produce 
nearly 1 B CF of  g a s  over a 3 0-ye ar pe r iod , i t  doe s not become pro
f i table un t i l a pr ice of $ 7 . 0 0/MC F is a t t a i n ed at both 1 0  and 1 5  
percent d i scou n t  rates . 

Th e 2 0  prospe c t s  ( 7 2 . 4 pe rcent prof i table ) w i l l  prod u c e  2 8 6  B CF 
of  the 2 9 1  B C F  max imum recoverab l e  gas i n  p l ace a t  $ 3 . 1 0/MC F  p r i c e . 
A total of 1 6 0  we l ls wi l l  be req u i red , o f  wh i c h  1 2 6  we l l s  w i l l  be 
prod uct i ve ( 1 4 w i ld c a t  wel l s  and 1 1 2  d e vel opme n t  we l l s ) and 3 4  d ry 
( 6  wi ldcat we l ls and 2 8  deve lopme nt we l l s ) .  

Th e 1 5  a nd 2 0  percent d i scou n t  rates are s im i l ar to the 1 0  per
cent rate . Al l o f  the pe rme ab i l i ty l e ve ls are br o ug h t  on s tre am a t  
a pr ice o f  $ 7 . 0 0/MCF a t  d i scou n t  rates o f  1 0  a nd 1 5  pe rce n t , b u t  a 
pr ice o f  $ 9 . 0 0/MC F i s  r eq u i red a t  a 2 0  percen t  d i sc o u n t  rate . A 
m i n imum p r i c e  of  $ 2 . 5 0/M CF i s  req u i red to turn a prof i t  i n  the net  
pre sent  va l ue col umn of  Tab l e  1 1- 1 0 .  

1 1 - 2 3  



Th e e conom i c  s umma ry for ad va nced case  te c h no l ogy i s  g i ven i n  
Tab l e  1 1 - l l  a nd i s  i n te rpreted i n  the s ame manne r .  Al th o ug h  s i g 
n i f i c an tl y  more g a s  i s  n o t  re cove red a t  t h e  va r i o u s  pr i c e  l e v e l s  
a nd d i scount r a t e s  f o r  th i s  par t i c u l a r  forma t io n ,  the i n ve s tme n t  
r eq u i red f o r  e xpl ora t ion and prod uc t io n  pe r prospe c t  i s  con s ider
ab ly less  ( $ 4 . 7 m i l l ion u s i ng ad vanced te c hnology a s  oppo s ed to 
$ 8 . 9 m i l l i on f o r  base tech no logy in Ca se Numbers 0 8 0 1 2 3 1  a nd 
0 8 0 1 1 3 1 ,  respe c t i ve ly ) . Al s o , a l l  o f  the max imum recove r a b l e  gas 
in  pl ace is  pr od u c ed muc h more e f f i c i e n tl y  u s i ng only 7 6  total 
we l l s  r a ther than the 1 6 0  wel ls r equ ired w i th base  te c h no l o gy . 

I f  4 , 0 0 0 - foo t rad i u s  fract ures are a t ta i n a b l e  and 1 2  we l l s  pe r 
s e ct ion spa c i ng i s  made po s s i b l e , the Almo nd A f o rma t ion i n  the 
Lew i n  Are a  l s ubba s i n  wo uld be pro f i t able at a pr i c e  l eve l o f  
$ 1 . 5 0/MC F  e v e n  a t  a d i scou n t  rate o f  2 0  perce n t . 

F ig ur e s  l l- 5  th roug h l l- 1 0  s how i n  graph form the va r io u s  f i e l d  
s i ze d i s tr i bu t ions f o r  t h e  f i ve s ubba s i n s  o f  th e Gre a t e r  Green 
River bas i n . 

l l- 2 4  
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TABLE 1 1 - 1 2  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver DEPTH ( FT .  ) : 1 1 , 000  
TOTAL BAS I N  AREA ( SECT I ONS ) : SUBBAS I N : Lew i n  I PRESSURE ( PS I A ) : 5 , 000 
TYPE : Lent i cu l a r FORMAT I ON :  Er i ckso n ,  R/S , B l a i r  TEMPERATURE ( ° F ) : 2 2 5  

NGL ( BBL/MMCF ) :  2 5 . 
FOR EACH DR I LL I NG LOCAT I ON W/C : 

EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  
AVERAGE PRODUCT I VE H/C GAS NET PAY GAS I N  P LACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I V EN THAT 

PERM . AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE O F  NATURE I S  PROD 
(MD ) ( S ECT I ONS ) __i!) ( FT . )  ( BC F )  ( BC F )  PRODUCT I VE 1 st W/C 2 n d  W/C 

::: 0 . 03 1 4  5 . 9 25  1 5 5 . 68 1 1 0 0 . 25  1 . 0 
I 

w 
f-' 0 . 0 1  58 5 . 2 35 795 . 76  563 0 . 40 1 . 0 

0 . 003 83 4 . 5 50 1 407 . 68 936 0 . 50 1 . 0 

0 . 00 1 38 3 . 8 70 762 . 28 48 1 0 . 7 0 1 . 0 

0 . 0003 36 3 . 1 1 00 84 1 . 32 48 1 0 . 80 1 . o  

0 . 000 1 1 9  2 . 4 1 50 5 1 5 . 66 27 8 0 . 90 1 . 0 

0 . 00003 1 1  1 . 8 200 298 . 54 1 47 0 . 95  1 . o  

0 . 0000 1 1 7  1 . 2 280 403 . 6 1  1 84 0 . 9 5  1 . 0 -

276 5 1 8 1 . 3 1 80 



TABLE  1 1 - 1 3  

W f L L  P R O D U C T I C � S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N  R I � E R , L E W I N A R E A  1 ,  E R I C K S O N-R OC K S P R G S -B L A I R  

G A �  P R O D U C T I O N  < M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  Y e A R  

1 4 8 7 3 7 3  2 6 9 1 9 9 1 3 8  9 6  6 1  4 2  

2 2 2 7  1 9 1  1 3 9  1 0 3  7 2  5 1  3 1  2 0 
f-' 
f-' 
I 5 w 8 7  9 7  7 9  5 9  4 1  2 9  1 9  1 2  

N 

1 0  3 5  5 0  4 9  4 0  2 8  2 0  1 2  7 

1 5  1 8  3 1  3 8  3 2  2 2  1 6  1 0  7 

?. 0  1 0  2 3  3 0  2 7  1 9  1 4  9 6 

3 0  4 1 2  2 0  2 1  1 6  1 1  6 5 

3 0 - Y E A f< 
C U t·H"'  • 
P R O D . 1 5 7 0 ( t"· M C F l  1 7 2 9  1 6 0 0  1 2 9 9  9 2 9  6 6 0  4 1 9  2 7 9  



TABLE 1 1 - 1 4  

W E L L  P R OD U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

G R E A T E R  G R E E N � I V E R , L E w i N A R E A  1 ,  E R I C K S O N-R OC K S P R G S-B L A I R  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A P  

1 5 t C 4 6 7  3 2 4  2 9 9  2 1 8 1 6 0  1 0 3 6 7  

2 2 1 9 2 1 6 1 6 3  1 3 5  9 4  6 9  4 5 2 9  I-' I-' I w 5 6 4  9 0  8 8  7 3  5 2  4 0  2 5  1 6  w 

1 0  2 0  3 7  4 9  4 3  3 1  2 6  1 8  1 1  

1 5  1 0  2 1  3 4  2 8  2 3  2 1  1 4  9 

2 0  5 1 4  2 6 2 2  1 6  1 5  1 2  8 

3 0  2 1 1 5  1 4  1 1  1 2  9 5 

3 0 -Y E A R 
C lJ ,.. M .  
P R O D . 1 3 5 9 16 1 9  1 6 4 0 1 4 2 9  1 0 6 0  8 70 5 8 9  3 9 0  

( M M C F ) 



TABLE 1 1 - 1 5 

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  1 
FORMAT I ON :  Er i cson , Rock Sprg s . ,  B l a i r  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUAL LY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 < BCF ) ALL GAS [ MAX= I 2 1  < BCF ) 

I-' . 03 5 . 40 4 8 1  6 . 1 9  6 1 1 0 
I-' 
I 

w . 0 1  
� 

5 . 63 4 400 6 . 04 6 563 

. 003 7. 1 4  4 524 6 . 9 1  6 936 

. 00 1  9 . 76 4 297 8 . 7 5 8 48 1 

. 0003 1 4 . 8 1  4 1 30 1 2 . 7 7 1 2  4 52 

. 000 1 22 . 22 4 50 1 6 . 68 1 2  200 

. 00003 30 . 76 4 1 9  22 . 54 1 2  78 

. 0000 1 40 .0 4 1 8  28 . 95 1 2  7 5  

1 4 1 9  289 5  
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TABLE 1 1 - 1 6  

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n 1 
FORMAT I ON :  Er i cson , Rock Sprgs . , B i a i r  

Ad va nced Case [ 2000/4000 Ft . Fracture ] 

Surf  ace Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

20 , 000 

1 , 1 94 , 000 

1 7 6 , 000 - 995 , 000 
35 1 , 000 - 1 , 827 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TAB LE  1 1 - 1 7  

Greater Green R i ver 
ECON011 I CS  SUMMARY 

BAS I N  fECHI�OLOGY Base 

SUB BAS I N  _ �f:lllio Ac�a I FOfiMAT I ON E r i cson, Rock S2r i ngs, B l a i r  DATE Ma� 1280 

AVERAGE PER PROS PECT BAS I N  TOTALS  WELLS  
PROF I T . K-LEVELS  E & P GAS NET PRES . DCF RAT E MAX NO . W I LDCAT 

GAS PR I C E PROS P .  O N  STREAM I NVEST . PROD . VA LUE OF R ETURN GAS RECOVEI\ . MAX R ECOV . PROSP . SUCCESS W I LDCAT DEVELOPI'IENT 
C/ISE N_Q_. _1{!-� __ %_ NO . VA LU E * _w__ � �M % AT PR I CE 8CF G I P  BCF AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

D i � coun t R a t e  1 0� 
0802 1 I I  I . 50 0 0 - 1 780 - - 1 0 10 0 0 

2 1  2 . 50 0 0 - " - 1 0 1 0  0 0 
3 I 3 . I 0 9 . 5  2 C D  2097 . 52 1 - 785 0 9 . 5 
� I  3 . 50  2 3 .  I 3 CDE 3269 2 . 059 - 3 1 3  6 . 4 2 3 .  1 
5 1  5 . 00 33 . 1 4 CDEF 3635 2 . 536 525 1 5 . 7  1 202 2090 474 33 . 1 3 1 7  157  1 22 489 1 085 
6 1  7 . 00 " " " " " 1 506 27 . 3  " " " " " " " " " 

7 1  9 . 00 4 3 . 2  5 C DEFG 4274 3 . 0 1 1  2871  40 . 6  1 3 32 257 1  442 43 . 2 25 1 1 9 1  1 47 588 1 1 77 
8 1  1 2 . 00 

" " " " " 4571  60 . 0  " " " " " " 

1-' D i s c ou n t Ra r e  I S·", 

1-' 1 2  I . 50 0 0 - 1780 - - 1 006 0 - 0 
I 2 2  2 . 50 0 0 - " - - 1 006 0 - - 0 w 3 2 3 . 1 0  1 . 2  1 c 1 8 1 0  . 048 - 984 0 - 1 . 2  

0"\ '• 2 3 . 50 9 . 5  2 CD 2097 . 52 1 -803 0 - 9 . 5 
) 2  5 . 00 2 3 .  I 3 CDE 3269 2 . 059 - 89 1 3 . 5  2 3 . 1 
6 2  7 . 00 3 3 . 1 4 COEF 3635 2 . 536 8 1 0  27 . 3  1 202 2090 474 33 . 1 3 1 7 1 57 1 22 489 1 085 
72 9 . 00 " " " " " 1 568 39 . 3  " " " " " " " " " 
8 2  l i . OU 43 . 2  5 CDEFG 4274 3 . 0  I I  3 1  I I  60 . 0 1 332 2 5 7 1  442 43 . 2 25 1 1 9 1  1 47  588 1 1 77 

f1 i scoun t  R3 t e  20··�� 
1 3  I .  50  0 0 - 1 780 - 1 00 1  0 0 
2 3 2 . 50 0 0 - " - - 100 1 0 - 0 
33 3 . 1 0  0 0 - " - 1 00 I 0 - 0 '• 3 3 . 50 1 . 2  1 c 1 8 1 0 . 048 - 979 0 - 1 . 2  
S J  ) . 00 2 3 .  I 3 CDE 3269 2 . 059 -325  1 3 . 5 2 3 . 1 
6 3  7 . 00 " " " " " 1 9 1  23 . 8 1 005 1 609 488 " 375 1 1 3  1 02 4 1 0  1 00 1  
7 3  9 . 00 33 .  I 4 CDEF 3635 2 . 536 1 002 39 . 3 1 202 2090 474 3 3 . 1 3 1 7  1 5 7  1 22  489 1085 
8 3  1 2  00 43 . 2 5 C DEFG 42 74 3 . O i l 22 1 7  60 . 0  1 3 32 257 1 442 43 . 2 25 1 1 9 1  147  588 1 1 77 

·:.- C CJ� E : C D  E F G H I  J 0 . 0 3 0 0 1  0 . 003 0 . 001 0 . 0003 0 . 000 1 0 00003 0 . 0000 1 



TAB L E  l l - 1 8  

Greater  G reen R i ve r  
E C ONOM I C S SUMMARY 

BAS I N  f EC H N O LOGY Advanced 

Sua BAS I N  Lewin Are. a I f ORMAT I ON Eci,�Q!l RQ�;k �Qr i ngs B]�i r DATE Ma:r- 1�80 

AVERAGE P E R  PRO S P E CT BAS I N  T OTA LS \/ E L L S  

PROF I T .  K -L E V E L S  E & p GAS NET PRE S .  D C F  RATE MA X  N O .  Il l  LDCAT 

GAS PR I C E  PROS P .  O N  STREAM I N VES T .  PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROS P .  S U C C E S S  Il l  LOCAT O E V E LOP�IENT 
Ct, 5 E  N O . S /�IC F __ % __ NO . VALUE ·>: _w__ � �M % AT PR I C E  8 C F  G I P  BCF AT PR I C E % DRY PROD . IJRY PROD . TOTAL 

0 i 5 COUil l R a  I �  I 0"."� 

68022 I I  I .  50 0 0 - 2 1 47 - - 1 2 1 8  0 - - 0 
2 1  2 . 50 0 0 - " - - 1 2 1 8  0 0 
3 1  3 . 10  8 . 3 I D 2600 . 536 -989 0 - 8 . 3 
4 1  3 . 50 9 . 5 2 c o  2663 . 598 -892 0 - 9 . 5 
5 1  5 . 00 3 3 .  1 4 COEF 602 1 3 . 960 1258 20 . 6 2090 2090 528 3 3 .  I 353 1 75 249 997 1 774 
6 1  7 . 00 " " " " " 2992 36 . 8  " " " " " " " " " 

7 1  9 . 00 4 3 . 2  5 C DE FG 9400 5 . 506 6064 52 . 2 2542 257 1 462 43 . 2  262 200 359 1 437 2258 
8 1  1 2 . 00 " " " " " 9620 80 . 8 " " " " " " " 

1-' D i s c oun t R a t e  I S'��. 

1-' 1 2  I . 50 0 0 - 2 1 47 - - 1209 0 - 0 
I 22 2 . 50 0 0 - " - 1 209 0 - 0 w 3 2  3 . I 0 0 0 - " - - 1 209 0 - 0 

.....:1 42 3 . 50 0 0 - " - 1 209 0 - 0 
5 2  5 . 00 2 3 .  1 3 CDE 490 1 2 . 983 1 89 1 7 . 4 1 609 1 609 539 2 3 .  1 4 f4 1 2 5  1 87 748 1474 
62  7 . 00 3?, . 1 4 C D E F  602 1 3 . 960 1 874 36 . 8 2090 2090 528 3 3 . 1 353 1 75 249 997 1 774 
72 9 . ll0 " " " " 3237 53 . 7  
82  1 2 . 00 43 . 2 5 C D E FG 9400 5 . 506 6833 80 . 8  2542 257 1 462 43 . 2 262 200 359 1 437 2258 

U i SCOll l l  t Ra t c  L OU� 

I 3 I .  so 0 0 - 2 1 47 - - 1 20 1  0 - 0 
23 2 . so 0 0 - " - - 120 1 0 - 0 
33  3 . I 0 0 0 - " - - 1 20 1  0 - - - 0 
113 j . 50 0 0 - " - - 1 20 1  0 0 
53  ) . 00 23 . 1 3 CDE 490 1 2 . 983 - 165  1 7 . 4  - 23 . 1 63 7 . 00 3 3 .  1 4 CDEF 602 1 3 . 960 1 168 36 . 8  2090 2090 528 3 3 .  1 353  1 75 249 997 1 774 
73 9 . 00 " " " " " 2287 53 . 7  " " " " " " " " " 

83  1 2 . 00 43 . 2 5 C D E FG 9400 5 . 506 507 1 80 . 8  2542 257 1 462 43 . 2 262 200 359 1 437 2258 

•·  C OD E :  C D  E F G H I J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



1-' 
1--' 
I 

w 
co 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r 

NGL ( BBL/MMCF ) :  25 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD ) ( SECT I ONS ) 

0 . 1 3 

0 . 03 1 6  

0 . 0 1  44 

0 . 003 65 

0 . 00 1 44 

0 . 0003 1 9  

1 9 1  

H/C GAS 
POROS I TY 

( % ) 

6 . 7 

5 . 9 

5 . 2 

4 .4 

3 .8 

3 . 1 

NET PAY 
TH I CKNESS 

( FT . )  

7 

1 4  

28 

50 

76  

1 00 

TABLE 1 1 - 1 9  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Lew i n  I 
FORMAT I ON :  Ft . Un i on 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

8 .8 5  7 

83 . 2 60 

403 . 04 293 

899 . 6 6 1 3  

7 99 . 04 509 

370 . 5 2 1 9  

2 564 . 1 7 0 1  

DEPTH ( FT . ) :  7 000 
PRESSURE (PS I A ) : 3500 
TEMPERATURE ( ° F ) : 1 6 5  

FOR EACH DR I L L I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE I st W/C 2 n d  W/C 

0 . 20 1 . 0 

0 . 35  1 . o  

0 .45  1 . o  

0 . 3 5  1 . 0 

0 . 25 1 . o 

0 . 20 1 . o 



TABLE  1 1 -20 

W f l l  P R O D U C T I O � S U M M A R Y- - B A S E  C A S E 

G R E A T E R  G R E E N  R I V E R , L E W I N  A R E A 1 ,  F O R T  U N I O N 

G A S  P R O D U C T I O �  C M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1 o . o 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 2 2 4  2 0 2  2 1 8  1 8 2 1 4 7 9 4  

t-' 2 8 4  1 0 1  1 1 2 9 5  7 7  5 0  
t-' 
I 

w 
1.0 5 2 2  4 6  6 1  5 4  4 4  2 8  

1 0  b 2 1  3 5  3 6  3 0  1 9  

1 5  2 1 2  2 5  2 7  2 4  1 6  

? 0  1 8 1 8  2 3  2 1 1 3  

3 0  0 4 1 1 1 7  1 6  1 0  

3 0 - Y E A I< 
C U t"' M . 
P R  0 0 . 5 0 0  8 0 9  1 1 7 0 1 1 5 9 9 8 0  6 4 0  

( I"' M C F ) 



TABLE  l l - 2 1  

� f l l  P R O D U C T I O N S U M M A R Y - - A D V A N C E D  C A S E  

G R F A T E R  G R E E N R I V E R , L E W I N  A R E A 1 ,  F O R T U N I O N  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / � E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 ( M D )  Y E A R 

1 3 1 2 2 3 8 2 6 4 2 3 4  2 1 3  1 5 6 

t-' 
2 1 4 6 1 2 2  1 3 6 1 1 9 1 0 0  6 8  

t-' 
I 

,j::. 
0 5 5 7  t:-. 2  7 4  6 6 5 6  3 8 

1 0  2 2  3 2  4 2  3 9  3 7  2 6  

1 5 1 1  2 1  3 0  2 9  2 9  1 8  

2 0  7 1 5  2 2  2 3  2 2  1 5  

3 0  3 8 1 4  1 5  1 5  1 0  

3 0 - Y F A P  
C U f'! M . 
P t< Q O . 

C �; "'· C F ) 1 0 2 0  1 1 1 q 1 4  2 0  1 3 2 0  1 1 8 9  8 2 9 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 

I-' ( MD )  ALL GAS [ MAX=4 J 
I-' 
I 

ol:>. 
I-' 

• 1 4 . 56 4 

. 03 4 . 67 4 

. o  1 5 . 69 4 

. 003 8 . 1 3  4 

. 00 1 1 1 . 79 4 

. 0003 1 8 . 0 4 

TABLE l l - 22  

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  1 
FORMAT I ON :  Ft . Un i on 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WE L LS REQD . TO PRODUCE 
< BCF ) ALL GAS 

6 2 . 23 

5 1  3 . 37 

205 4 . 69 

300 7 .  1 4  

1 73 9 . 7 1  

48 1 3 . 88 

783 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WELLS/SECT I ON GAS FROfvJ 
ACTUAL LY USEIJ ACTUAL WEL LS 

[ MAX= 1 2 l  < BC F ) 

2 . 23 7 

3 . 37 60 

4 . 69 293 

7 .  1 4  6 1 3  

9 . 7 1  509 

1 2 .  1 88 

1 6 70 



I-' 

I-' 

I 
.1:::> 
N 

TABLE l l - 23 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fra cture Cost ( $/We i I )  

- Base Ca se [ 1 000 Ft . Fract u r e ]  

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  1 
FORMAT I ON :  Ft . Un i on 

- Ad vanced Case [ 2000/4000 Ft . Fracture ]  

S u r face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

469 , 000 

1 5 1 , 200 
30 1 , 000 

45 , 000 

1 0 , 000 

. 0303 



1-' 
1-' 1 
� w 

TABLE  l l - 24 

ECONOI1 1 C S  SUMMARY 
�AS I N  G reater G reen R i ve r  

S U B  BAS I N  Lew i n  Area 1 . F ORMAT I ON F t .  Un i on  

AVERAGE PER PROS PECT BAS I N  TOTA L S  

GAS PR I CE 
CASE NO .  S /�ICF 

O i s coun l R a t e  t O.� 
0803 1 1 1 I .  50 

2 1  2 s o  
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 0 0  

D i s coun t Rate  J S·��. 
1 2 I .  50 
2 2  2 . 50 
3 2  3 . 1 0  42 3 . 50 5 2  5 . 00 
6 2  7 . 00 
72 9 llO 
82 1 2 . 00 

V i s c ou n t  Ra t e  2 0'1,) 
1 3 
2 3  
3 3 
43 
S 3 
6 3  
7 3  8 3  

" C OD E : 

I .  50 
2 . 50 
3 .  I 0 
3 . 5 0  
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  

PROF I T .  K -LEVELS E & p 
PROS P . ON STREAM I NVEST . 

__ % __ NO . VA LUE * ...i!L_ 

0 0 76 1 
2 1 . 6  2 DE 1 094 
2 3 . 3  3 CDE 1 1 59 
30. 4 4 CDEF 1283 

" " " " 

3 3 . 2 6 BCDEFG 1 3 1 2 
" " " " 

" " " " 

0 0 76 1 
0 0 " 

2 1 . 6  2 DE 1 094 
23 . 3  3 CDE 1 1 59 
30 . 4  4 CDEF 1283 

" " " " 

3 3 . 2  6 BCDEFG 1 3 1 2 
" " " " 

0 0 76 1 
0 0 " 

1 2 . 1 1 D 1 06 1  
2 1 . 6  2 DE 1 094  
30 . 4  4 CDEF 1 283 

" " " " 

" " " " 

3 3 . 2  6 BCDEFG 1 3 1 2 

C D E F G 
0 . 03 0 . 0 1 0 . 003  0 . 00 1  0 . 0003 

GAS NET PRE S .  D C F  RATE 
PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 

� �M % AT PR I CE 8 C F  G I P  BCF  

- 435 0 - -

. 843 -2 1 2 3 . 2  - -

0 925 -88 7 . 2  -
1 .  1 5 7  58 1 1 . 7  729 1 475 

" 385 2 1 . 6 " " 

I .  200 855 35 . 6  783 1 70 1  
" 1 305 48. 5 
" 1 9 8 1  66. 7 

- -432 0 -
-432 0 - -

. 843 -206 6 . 2  - -

. 925 - 1 3 1  9 . 4  
I .  1 5 7  1 67  2 1 . 6 729 1 475 

" 498 34 . 8  " " 

1 .  200 864 48 . 5  783 1 70 1  
" 1 377 66 . 7  

-428 0 
-428 0 -

. 578 - 3 1 2  2 . 6  

. 843 -22 1 8 . 2  
1 0 1 57 34 2 1 . 6  729 1 475 

" 299 3 4 . 8  
" 565 4 7 . 4  
1 .  200 1 003 66 . 7  783 1 70 1  

fEC IINOLOGY B ase· 

DATE May 1 980 

WELLS  
MA X  N O .  W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVELOPt·IENT 

AT PR I CE % Q!!Y. PROD . !!..!!.!'. PROD . TOTAL 

- 0 
- 2 1 . 6 

2 3 . 3 
630 30 . 4  438 1 92 95 379 1 1 03 

" " " " " " " 

653 3 3 . 2  436 2 1 7  102 408 1 1 63  

- 0 
0 

- 2 1 . 6  
2 3 . 3 

630 30 . 4  438 1 92 95 379 1 1 03 
" " " " " " " 

653 3 3 . 2  436 2 1 7 102 408 1 1 63 

- 0 
- 0 

1 2 . 1 
2 1 . 6  

630 30 . 4  438 1 92 95 379 1 1 03 

653 3 3 . 2  436 2 1 7  1 02 408 1 1 63 



TABLE 1 1 -25  

ECONO/'\ I C S  SUMMI\KY1 
eAS I N G[�ate r Green R i ve r  TECHNOLOGY Advanced 

SUB BAS I Il -- L�wio Area I FORMAT I ON F t .  Un i on  DATE May 1!;!80 

AVERAGE PER PROS PECT BAS I N  TOTA LS W E L L S  
PROF I T . K -LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VALUE OF R ETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVEL OPMENT 0�S E  N O . S /NC F __ % __ N O .  VA LUE * ..J.!:L_ � �M % AT PR I C E  8CF  G I P  BCF  AT  PR I CE % QB.Y. PROD . ORY PROD . TOTAL 

O i :, c..oun t Ra t e:  1 0:� 
080321 1 1 .  50 0 0 975 -556 0 - 0 

2 1  2 . 50  2 1 . 8  2 DE 1 6 12  I .  340 -228 4 . 7  2 1 . 8  
3 1  3 . I 0 2 3 . 5 3 CDE 166 1 I . 42 1 - 43 8 . 9 - 2 3 . 5  
I; I 3 . 50 " " " " " 66 I I . 5 966 966 680 " 520 1 60 1 1 4  456 1250 
5 1 5 . 00 30 . 4  4 CDEF 2040 I .  923 753 2 5 . 7 1 475 1 475 767 30 . 4 534 233 183 734 1684 
6 1  7 . 00 33 . 2 6 BCDEFG 2356 2 . 1 3 7  1 606 4 1 . 3  1 670 1 70 1  7 8 1  3 3 . 2  522 259 223 893 1 898 
7 1  9 . 00 " " " " " 24 1 3  56 . 8  
8 1  1 2 . 00 " " " " " 3622 78 . 5  

: 1  i s C Olln t f\.J t e 1' )-''. 
1-' 1 2  I . 50 0 0 975 - 550 0 - 0 
1-' 2 2  2 . 50 " " " -550 0 0 

I 3 2  3 . I 0 23 . 5  3 CDE 1 66 1  I . 42 1 - 1 94 8 . 9  - 2 3 . 5 
""" t. 2  3 . 50 

" " " " " - 1 12 1 1 . 5  - " 
""" 5 2  5 00 30 . 4 4 CDEF 2040 I .  923 386 25 . 7  1 475 1 475 767 30 . 4 534 233  1 83 734 1 684 

6 2 7 . 00 " " " " " 938 4 1 . 0  " " " " " " " " " 
72 9 . 00 33 . 2  6 BCDEFG 2356 2 . 1 37  1 62 1 56 . 8  1670 1 70 1  78 1 33 . 2 522 259 223 893 1 898 
B 2  1 :! . 00 " " " " " 2535 78 . 5  

U i � c o u n t  R a t t:  7 0'� 
I 3 I . 50  0 0 975 -5 44 0 0 
2 3  2 . 50 0 0 " - 544 0 - 0 
3 3  3 . 1 0  1 2 . 3 I D 1 299 . 7 1 4  - 398 2 . 5 1 2 . 3 
I!] 3 . 50 2 1 . 8  2 DE 1 6 1 2  I . 340 -238 10 . 6 - 2 1 . 8  
5 3  s . oo 2 3 . 5  3 CDE 1 66 1  I . 42  I 30 2 1 . I 966 966 680 2 3 . 5 520 1 60 1 1 4 456 1250 

6 3  7 . 00 30 . 4  4 CDEF 2040 I .  923 604 4 1 . 0  1 475 1 475 767 30 . 4  534 233 1 83 734 1684 

73 9 . 00 " " " " " 1 043 55 . 6  " " " " " " " " " 
B 3  1 2 . 00 3 3 . 2  6 BCDEFG 2356 2. 1 37  1 864 78 . 5 1670 1 70 1  7 8 1  33 . 2 522 259 22 3 893 1 898 

1.- C Oil E : U C D E F G 
0 . I 0 03 0 0 1  0 . 003 0 . 00 1  0 . 0003 



1-' 
1-' 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket + Lent i cu l a r  

NGL ( 8BL/MMCF ) :  2 5 . 

AVERAGE 
PERM . 
( MD )  

PRODUCT I V E 
AREA 

( SECT I ONS )-

H/C GAS 
POROS I TY 

< % > 

� 0 . 3 3 
lJl 

o .  1 1 1  * 

0 . 03 29 

0 . 0 1  27 

0 . 003 1 6  

0 . 00 1  4 

90 

NET PAY 
TH I CKNESS 

< FT . ) 

* 

TABLE  1 1 - 26  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Gre�ter Green R i ver 
SUB-BAS I N :  Lew i n  Area I 
FORMAT I ON :  A l mond  A + A l mond B 

UEPTH ( FT .  ) : 1 0200 
PRE SSURE < PS I A ) : 6300 
TEMPERATURE ( ° F ) : 2 2 0  

EST I MATED 
GAS- I N-PLACE AT 
RESERVO I R  COND . 

( BCF ) 

37 

1 57 

479 

506 

338 

89 

1 606 

MAX . 
RECOVERABLE 

GAS 
( 8CF ) 

3 1  

1 25 

3 6 1  

359 

2 2 5  

5 5  

1 1 56 

FOR E ACH UR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE-OF- PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE-OF-NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

* * * 

* Refe r to i nd i v i d ua l  f ormat i on s  for these data .  



TABLE 1 1 - 27 

W E L L P R O D U C T I O N S U M M A R Y - - B A S E  C A S E  

G R E A T E R G R E E N  R I V E R ,  L E w i N  A R E A 1 ,  A L M O N D A + A L M O N D  8 

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

K c 0 . 3  0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 9 0 4  9 1 7  8 2 2  6 9 1  5 7 5  4 79 

2 4 1 4  4 6 2  4 3 1  3 4 7 2 7 3  2 1 5 
1-' 
1-' 

I 
,j::. 5 1 3 5  1 8 2  2 0 9  1 8 0 1 3 4 96  0'\ 

1 0  4 7  7 4  1 0 6  1 0 5  8 1  5 3  

1 5  2 3  4 1  6 5  7 5  6 2  3 9  

2 0  1 6  2 1  4 5  5 5  5 0  3 1  

3 0  9 1 0  2 4  3 5  3 6  2 3  

3 0 - Y E A f< 
c u r--, � .  
P I< O D . 2 6 2 9  3 1 8 0 3 7 1 9 3 5 3 0  2 8 7 0 2 0 4 9  

( M M C F ) 



TAB LE 1 1 -28 
� E l l  P R O D U C T I ON S U M M A R Y-- A D V A N C E D  C A S E  

G R E A T E R  G R f � N  R I V E R ,  L E � I N  A R E A 1 ,  A L M O N D  A + A L M O N D  B 

G A S  P R O D U C T I O �  ( � M C F / Y E A R / W E L L )  

t< • 0 . 3  o . 1 0 . 0 3  0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3 0 . 0 0 0 0 1  C M O )  Y E A R  

1 1 1 1 4  1 2 3 6 1 5 2 2  1 3 0 1  1 1 0 6  8 1 2  

2 4 1 3  5 2 0 8 6 f  6 8 6  5 2 7  3 5 5  

I-' 
I-' 
I 5 1 0 4  1 5 4  5 4 C 3 9 5  2 8 1  1 7 1  � 

-....] 

1 0  2 8  4 6  3 9 6  2 8 1  1 9 0 1 0 6 

1 ?  1 2  1 9  3 3 3  2 3 5  1 5 2 8 6  

2 0  Fl H 2 9 6 2 0 7 1 3 6  7 3  

3 0  4 3 2 4 6  1 7 5  1 1 1  5 8  

3 0 - Y f A R 
C U M M . 
P R C D . ?. 4 3 9  3 0 6 0  1 2 4 3 9 9 1 8 9  6 4 6 9 3 9 2 0  

( M M C F l 



BASE CASE 
NUMBE R OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 

f--' ( MD )  ALL GAS [ MAX=4 l 
f--' 
I 

� 
co 

0 . 3  3 . 70 3 . 70 

o .  1 3 . 45  3 . 45 

0 . 03 3 . 33 3 . 33 

0 . 0 1 3 . 73 3 . 73 

0 . 003 4 . 92 4 .  

0 . 00 1  6 . 57 4 .  

TABLE l l -29  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N :  Greater Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond A + A l mond B 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/S ECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

3 1  3 . 98 

1 25 3 . 59 

36 1 1 . 00 

3 59 1 . 43 

1 83 2 .  1 8  

33 3 . 42 

1 092 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON GAS FROiv1 
ACTUALLY USEIJ ACTUAL WELLS 

[ fv1AX= 1 2 1  ( BCF ) 

3 . 98 3 1  

3 . 59 1 25 

1 . 00 36 1 

1 . 43 359  

2 . 1 8  225 

3 . 42 5 5  

1 1 56  



1--' 
1--' 

I 
""' 
IJ) 

TABLE 1 1 - 30 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/\�e l I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fractu r e ]  

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond  A + A l mond  B 

Advanced Ca se [ 2000/4000 Ft . Fracture ] 

S urface Eq u i pment ( $/\;'e l l )  

Annua l O perat i ng Expense ( $/We i I )  

Compres so r  Fue l Cos t ,  Rat i o  of  Cost to 

w .  I .  Gas Revenue 

922 , 5 7 1  

280 , 000 
4 7 9 , 200 - 697 , 900 

45 , 000 

1 0 , 000 

0 . 0303 



...... 
...... 

I 
lJl 
0 

BAS I N  Green R i ver 

SUB BAS I N  Lew i n  Area I 

GAS PR I CE 
CASE NO . VMCF 

D i scoun t Ra te 1 �/, 
0804 1 1 1  I .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Rate 1�/, 
1 2  I .  50 
22 2 . 50 
32  3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82  1 2 . 00 

D i scoun t Rate 2�4 
1 3  I .  50 
23 2 . 50 
33 3 .  10  
43 3 . 50 
53 5 . 00 
63 7 . 00 
73 9 .  00 
83 1 2 . 00 

* CODE : A B 
0 .  3 0 . 1 

PROF I T . 
PROSP . 

__ %_ 

§ 7 . 7 
76 . 2  

" 
" 
" 
" 
" 
" 

3 1 . 2  
72 . 4  
76 . 2  

" 
" 
" 
" 
" 

0 
72 . 4 
76 . 2  

" 
" 
" 
" 
" 

c 0 
0 . 0 3  0 . 0 1  

K-LEVELS 
ON STREAM 
NO . VALUE * 

4 ABCO 
6 ABCDEF 
" " 
" " 
" " 
" " 
" " 
" " 

2 BC 
5 ABC DE 
6 ABCDEF 
" " 
" " 
" " 
" " 
" " 

0 -
5 ABC DE 
6 ABCOEF 
" " 
" " 
" " 
" " 
" " 

E F 

0 . 003 0 . 00 1  

TABLE 
ECONOM I C S  

FORMAT I ON Al mond A +  A l mond B 

AVERAGE PER PROSPECT 
E & p GAS NET PRES .  OCF RATE 
I NVEST . PROD . VALUE OF RETURN 
...i!L_ � �M � 

4207 8 . 0 1 3 976 2 3 . 7  
4982 1 0 . 2 1 8  3689 58 . 7  

" " 5 1 6 1  78 . 0 
" " 6 1 42 90 . 3 
" " 982 1 1 32 . 1 " " 1 4726 1 79 . 5  " " 1 9632 220 . 5  
" " 26990 2 73 . 6  

2809 0 - 1 2  1 4 . 7 
4840 9 . 906 2493 58 . 0  
4982 1 0 . 2 1 8  3707 78 . 0 

" " 4472 90 . 3  " " 7345 1 32 .  I 
" " 1 1 1 74 1 79 . 5  " " 1 5004 220 . 5  
" " 20748 273 . 6  

1 338 0 - 748 0 
4840 9 . 906 1 774 58 . 0  
4982 1 0 . 2 1 8  2 755 78 . 0  " " 3376 90 . 3  

" " 5705 1 32 .  1 
" " 88 1 0  1 79 . 5  
" " 1 1 9 1 6  220 . 5  
" " 1 6574 273 . 6  

1 1 -3 1  
SUMMARY 

TECHNOLOGY Base 

DATE June 196Q 
BAS I N  TOTA LS WELLS 

MAX NO.  W I LDCAT 
GAS RECOVER • MAX RECOV. PROSP . SUCCESS W I  LOCAl DEVELOPMENT 

AT PR I CE,BCF G I P,BCF AT PR I CE � DRY PROD . DRY PROD. � 

876 876 1 1 0 5 7 . 7  47 63  50 20 1  362 
1 092 1 1 56 1 06 76 . ·2 25 8 1  62 249 4 1 8  

486 486 t• 3 1 . 2  
1 059 1 1 0 1  1 06 ·72 . 4  29 77 60 239 406 
1 092 1 1 56 " 76 . 2  25 8 1  62 249 4 1 8  

1 059 1 1 0 1  1 06 72 . 4 29 77 60 239 406 
1 092 1 1 56 1 06 76 . 2  25  8 1  6.2 249 4 1 8  



I-' I-' 
I LTl 

I-' 

BAS I N  Green R i ve r  

SUB BAS I N  Lewin Area I 

GAS PR I CE 
CASE NO. VHCF 

D i scoun t Rate  1 �/. 
08042 1 1  1 .  50 

2 1  2 . 50  
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scount Rate 1�/. 
1 2  1 .  50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52  5 . 00 
62  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Rate 2�/. 
1 3  
23 
3 3  
43 
5 3  
6 3  
73 
83 

* CODE : 

1 .  50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

A 8 
0 .  3 0 .  1 

PROF I T .  
PROSP . 
__ % __ 

70 . 2  
76 . 2  " 
" " 
" " 
" 

70 . 2 
76 . 2 " " " 
" " " 

48 . 4 
76 . 2 " " 

" 
" 
" " 

c 
0 . 03 

D 
0 . 0 1  

T,I\BLE l l - 32  
ECONOM I CS SUMMARY 

FORMAT I ON 81111Qcd 8 + 81ol!!Qnd a 
AVERAGE PER PROSPECT BAS IN TOTALS 

K-LEVELS E & P 
ON STREAM I NVEST . 
NO . VALUE * .i!i.__ 

4 BCDE 
6 ABCDEF " " 
" " " " 
" " " " 
" " 

4 BCDE 
6 ABCDEF " " " " " " " " 
" " 
" " 

2 CD  
6 ABCOEF " " " " " " " " 
" " " " 

E 
0 . 003 

F 
0 . 00 1  

3065 
3727 " 

" " 
" " 
" 

3065 
3727 " " " " 

" " 

1 99 1  
3727 " " 

" " 
" 
" 

GAS 
PROD . 
.J!ff_ 

9 . 598 
1 0 . 729 " 
" " 
" " 
" 

9 . 598 
1 0 . 729 " " " " 
" " 

6 . 1 55 
1 0 . 729 " " 
" 
" 
" " 

NET PRES .  DCF  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV. 
�M � AT PR I CE,BCF G I P  BCF  

1 683 36 . 0  1 070 1 070 
4387 76 . 5  1 1 56 1 1 56 
5897 98 . 8  
6904 1 1 3 . 0  

1 0681  1 62 . 0  
1 57 1 5  2 1 9 . 2 
20750 269 . 5 
28303 335 . 6 

1 04 1  36 . 0  1 070 1 070 
3 1 37 76 . 5  1 1 56 1 1 56 
4 3 1 8 98 . 8  
5 1 05 1 1 3 . 0  
8056 1 62 . 0  

1 1 99 1  2 1 9 . 2  
1 5926 269 . 5  
2 1 828 335 . 6 

1 6 7  24 . 6  720 720 
2336 76 . 5 1 1 56 1 1 56 
3300 98 . 0  
3942 1 1 3 . 0  
6352 1 6 2 . 0  
9564 2 1 9 . 2  

1 2777 269 . 5  
1 7595 335 . 6  

TECHNOLOGY 

DATE 

MAX N O .  
PROS P .  

A T  PR I CE 

1 1 2 
1 08 

1 1 2 
1 08 

1 1 7 
1 08 

Advanced 

luce 
W I LDCAT 
SUCCESS 

% 

70 . 2 
76 . 2  

70 . 2  
76 . 2  

48 . 4  
76 . 2  

1�80 

W I LDCAT 
DRY 

34 
2{> 

34 
26 

6 1  
26 

PROD . 

78 
.83 

78 
83 

56 
83 

WE LLS 

DEVELOPMENT 
DRY PROD . I.Qlli. 

1 8  75 205 
27 I l l  245  

1 8  75 205 
27 I l l  245 

3 1 4  1 35 
27 I l l  245 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket + Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I VE H/C GAS 
PERM . AREA POROS I TY 
(MD ) ( SECT I ONS ) ( % )  

1--' 0 . 03 4 * 
1--' 
I Vl 0 . 0 1  1 8  

N 

0 . 003 26 

0 . 00 1 1 2  

0 . 0003 1 1  

0 . 000 1  6 

0 . 00003 3 

0 . 0000 1 5 

85 

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE l l - 33  

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Greater Green R i ver 
SUBBAS I N : Lew i n  Area I 
FORMAT I ON :  A l mond A +  E r i cson , 

Rock  S prgs . , B l a i r  

EST I MATED MAX . 
GAS I N  P LACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BC F ) 

1 1 0 . 39 78 

504 . 59 357  

827 . 1 6  550 

427 . 89 270 

4 5 8 . 27  262 

272 . 6 7 1 4 7  

1 62 . 47  80 

24 1 . 29  1 1 0 

3005 . 1 854 

* Ref e r  to i nd i v i d ua l format i ons  for these data . 

DEPTH ( FT .  ) : 1 1 , 000 
PRESSURE (P S I A ) : 5500 
TEMPERATURE ( ° F ) : 225  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY P ROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

* * * 



Y f. A f<  

l 

2 
...... ...... 
I 

U1 
5 w 

1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R 
C U M M . 
P R O D . 

( M M C F I 

TABLE  1 1 -34  

W f L L  P R O D U C T I ON S U M M A R Y - - B A S E  C A S E 

G R E A T E R  G R E E N  R I V E R , L E W I N A R E A  1 ,  A L M ON D  A + E R I C K S O N -R O C K S P R G S - B L R 

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K "' 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

8 5 8  7 4 3  6 4 0  5 7 0  5 0 9 

4 4 6  4 1 0  3 5 9  3 2 2  2 9 1  

2 0 6 2 1 6  1 9 8 1 7 8 1 6 0  

1 0 4  1 1 8 1 1 7 1 0 9 9 7  

6 6  7 9  8 6  7 9  7 0  

4 6  5 8  6 �  6 3  5 5  

2 7  3 4  4 3  4 3  3 8  

3 7 6 0  3 9 3 0  3 7 9 0  3 4 8 9  3 1 2 9  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C MD )  

4 6 7  4 3 2  4 1 2 

2 7 0 2 5 0  2 3 9  

1 4 8  1 3 8  1 3 1  

8 8  8 0  7 6  

6 3  5 8  5 4 

4 9  4 4  4 2  

3 4  2 9  2 7  

2 8 5 9 2 6 09 2 4 6 9  



TABLE. 1 1 -3 5  

w F L L  P R O D U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

G R f A T E R  G R E E N  R I V E R ,  L E W I N A R E A  1 ,  A L M O N D  A + E R I C K S O N - R O C K  S P R G S - B L R  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( H D )  
Y E A R  

1 1 4 4 1  1 3  '• 9 1 2 0 5  1 1 8 0 1 1 0 0  1 0 4 1  9 8 4 9 4 8 

2 7 5 1  7 4 8  6 9 5  6 6 7  6 2 6  6 0 1  5 7 7  5 6 1  

t--' t--' 
I 

Ul 5 3 9 1  4 1 7  4 1 5  4 0 0 3 7 9  3 6 7  3 5 2  3 4 3  ""' 

1 0  2 6 0 2 7 7  2 8 9  2 8 3  2 7 0 2 6 6 2 5 7 2 5 1  

1 5  2 1 1  2 2 2  2 3 6 2 3 0 2 2 5  2 2 2  2 1 5  2 1 1  

? 0  1 8 5  1 9 3  2 0 6  2 0 2  1 9 6 1 9 5  1 9 2  1 8 8  

3 0  1 5 3  1 5 8 1 6 7  1 6 5 1 6 3 1 6 4  1 6 1 1 5 7  

3 0 - Y F A fJ  
C U l"o  �� • 8 8 7 0 P R  n o . 9 1 2 9 9 1 4 9  8 9 3 9  b 5 7 9  8 3 8 9  8 1 1 0 7 9 0 0 

( M �1 C F ) 



TA8LE l l - 36 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond  A + E r i cson , Rock Sprgs . , B i a i r  

BASE CASE ADVANCED CAS E  
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/S ECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
C MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= 1 2 1  C BCF ) 

t-' 
t-' 

0 . 03 4 . 82 4 .  65  2 . 04 2 . 04 78 
I 

Ul 0 . 0 1  5 . 03 4 .  284 2 .  1 6  2 .  1 6  3 5 7  Ul 

0 . 003 5 . 62 4 .  392 2 . 33  2 . 33 550 

0 . 00 1 6 . 42 4 .  1 68 2 . 5 1  2 . 5 1  270  

0 . 0003 7 . 50 4 .  1 40 2 .  73  2 . 73 262 

o . oooo 8 . 55 4 .  69 2 . 9 1  2 . 9 1  1 47 

0 . 00003 8 . 89 4 .  36 2 . 87 2 . 87 80 

0 . 0000 1 8 . 62 4 .  5 1  2 . 70 2 . 70 1 1 0 
-

1 204 1 854  



t--' 
t--' 

I 
Vl 
0'\ 

TABLE 1 1 -37  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond A +  E r i cson , Rock Sprg s . , B i a i r 

Geo l ogy and  Geop h ys i cs ( $/Pros pect ) 

D r i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i J )  

8ase Case [ 1 000 Ft . Fract u r e ]  
Ad vanced C a s e  [ 2000/4000 Ft . Fracture ] 

Sur face Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

w .  1 .  Gas Revenue 

20 , 000 

1 1 1 93 1 9 1 9  

284 , 5 70 - 1 , 1 03 , 300 
6 7 2 , 1 00 - 2 , 1 48 , 4 1 0  

45 , 000 

1 0 , 000 

0 . 0303 



TABLE  l l - 38 
EC IJN011 I C S  SUMMARY 

i!AS I N  Greater �ceeo Bi�er TECHNOLOGY Base 

sua BAS I N  Lewin Area L FORMAT I ON A l mond A +  E r i cson, Rock S�r i ngs, B l a i r DAT E Ma� 1980 

AVERAGE PER PROSPECT BAS IN TOTA L S  W E L L S  
PROF I T . K-LEVELS E & p GAS N ET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VA LUE OF RETURN GAS RECOVER . MAX R EC OV . PROSP . SUC C E S S  W I LDCAT DEVEL OP�IENT 
CASE  NO . S/HC F __ % __ NO . VALUE * _j_li_ _g£_ �M % AT PR I C E  8CF  G I P  BCF  AT PR I C E  % DRY PROD . DRY PROD . TOTA L 

D i s coun t R a l e  1 0� 
0805 1 I I I .  50 9 . 5  1 D 24 18  1 .  553  -842 0 9 . 5  

2 1  2 . 50  43 . 2  5 CDEFG 3223  4 . 655 594 1 7 .  1 1 0 49 1 5 1 7  225  43 . 2 1 28 97 36 1 46 407 
3 1  3 . 1 0  50 . 3  6 CDEFGH 342 1 5 .  1 4 1  1 356 26 . 0  1 1  1 7  1 664 2 1 7 50 . 3 108 1 09 39 1 56 4 1 2 
4 1 3 . 50 " " " " " 1 77 1  3 1 . 2  " " " " " " " " " 
5 1  5 . 00 60. 7 8 CDEFGH I J 3576 8 . 966 3682 54 . 7  1 204 1 854 1 34 60 . 7 53  8 1  25  96 258 
6 1  7 . 00 " " " " " 5 9 1 9  8 1 . 7  " " " " " 

7 1  9 . 00 " " " " " 8 1 56 107 . 3 
8 1  1 2 . 00 " " " " " 1 1 5 1 1 1 42 . 8 

O i s coun t R a t e  J c;··�. 
1 2  1 .  50 0 0 1 9 34 - 1 097 0 0 

....... 22 2 . 50  33 .  1 4 CDEF 30 1 3  3 . 936 - 3 7  14 . 3 33 . 1 
....... 3 2  3 . 1 0  43 . 2  5 CDEFG 3223  4 . 655 575 24 .  1 1 049 1 5 1 7 225 43 . 2 1 28  97 36 1 46 407 
I 42 3 . 50 " " " " " 867 28 . 9 " " " " " " " " " 

Ul 52 5 . 00 60 . 7 8 CDEFG H I J  3576 8 . 966 2 522 54 . 7 1204  1 85 4  1 3 4  60 . 7  5"3 8 1  25  96 258 
-...J 62  7 00  " " " " " 4264 8 1 . 7  

72 9 . 00 " " " " " 6005 107 . 3 
82 1 2 . 00 " " " " " 86 1 7  1 42 . 8 

D i scount R a t e  7 0"'�  
1 3 1 . 50  0 0 1934  - 1094 0 - 0 
23  2 . 50 2 3 .  1 2 DE 2874 3 . 2 34 -433  1 1 .  0 2 3 . 1 
3 3 3 . 1 0  33 . 1 4 CDEF 30 1 3  3 . 936 27  20 . 5  909 1 255 2 3 1  3 3 .  1 1 5 5  76 32 1 2 9  392 
'• 3 3 . 50 43 . 2  5 CDEFG 3223  4 . 655 45 1 28 . 9 1 049 1 5 1 7  225 4 3 . 2  1 2 8  9 7  3 6  1 46 407 
5 3 5 . 00 50 . 3 6 CDEFGH 342 1 5 .  1 4 1  1 569 50 . 5 1 1 1 7  1 66 4  2 1 7 50 . 3  108 1 09 39 1 56 4 1 2 
63  7 . 00 60 . 7  8 CDEFGH I J 3 576 8 . 966 32 1 8  8 1 . 7 1 204 1 854 1 34 6 0 . 7 53  8 1  25  96 258 
73 9 . 00 " " " " " 4643 1 07 . 3  " " " " " " " " " 

83 1 2 . 00 " " " " " 6 7 8 1  142 . 8 

•· C00 E : C 0 E F G II I J 
0 . 0 3  0 . 0 1 0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



I-' I-' 
I 

Vl 
00 

BAS I N  G rea ter G reen R i ve r  

S U B  BAS I N  Lewin Area I 

GAS PR I CE 
CII�E N O . S /HCF 

D i  ":� COun t R a l e  1 0�{, 
080521 1  I .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Ra t e  I S��. 
1 2  I .  50 
22 2 . 50 
32 3 . I 0 
42 3 . 50 
52 5 . 00 
62 7 . 00 
n 9 . 00 
82 1 2 . 00 

D i scou n t  ka t e  JO"� 
I 3 
2 3  
3 3  1, 3 
5 3  
6 3  
73 
83 

1• C ODE : 

I . 50  
2 . 50 
3 . I 0 
3 . 5 0 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

PROF I T . 
PROS P . 
_x_ 
4 3 . 2  
60 . 7  " 

" " 
" 
" 
" 

3 3 .  I 
50 . 3  
60 . 7  " 

" " 
" " 

2 3 .  I 
43 . 2 
54 .  I 
60 . 7  " 

" 
" 
" 

c 
0 03 

D 
0 . 0 1  

TABLE 1 1 -39  

ECONOM I C S  SUMMAKY 

fORMAT I ON A l mond A +  E r i cson, Rock S�r i ngs, B l a i r  

AVERAGE PER  PROSPECT BAS I N  TOTALS 
K-LEVELS E f.. p GAS NET PRES . DCF  RATE 
ON S T REAM I NVEST . PROD . VALUE Of RETURN GAS RECOVER . MAX RECOV . 
NO . VA LUE * ...i!:!.__ � �M % AT PR I C E  8Cf  G I P  BCF  

5 
8 " " " 
" 
" " 

4 
6 
8 " " " " 
" 

2 
5 
7 
8 " 
" 
" 
" 

CDEFG 
CDEFGH I J  " " 
" 
" 
" 
" 

CDEF 
C DEFGH 
CDEFGH I H  " 
" " " 
" 

DE 
CDEFG 
CDEFGH I 
CDEFGH I J  " 
" 
" 
" 

E 
0 . 003 

F 
0 . 00 1  

3268 6 . 700 
3576 8 . 966 " " 

" " " " 
" " 
" " 
" " 

307 1 5 . 205 
3496 7 . 820 
3576 8 . 966 " " 

" " " " 
" " 
" " 

296 1 3 . 888 
3268 6 . ]00 
3527 8 . 236 
3576 8 . 966 " " 

" " 
" " 
" " 

G H 
0 . 0003 0 . 000 1 

1 9 3  
24 19  
3476 
4 1 82 
6826 

1 0353 
1 3879 
1 9 168 

-470 
1 090 
224(') 
2778 
4795 
7483 

1 0 1 72 
1 4205 

-865 
340 

1 275 
1 928 
3558 
573 1  
7904 

1 1 16 4  

I 
0 . 00003 

1 1 . 9  
3 3 . 9  
45 .  I 
52 . 6  
80 . 3  

' 1 5 .  4 
1 48 . 2  
1 9 3 - 3 

8 . 6 
29 . 4  
4 5 .  I 
52 . 6  
80 . 3 

1 1 5 . 4  
1 48 . 2  
1 9 3 - 3  

5 . 0  
25 . 8 
4 1 . 4  
52 . 6  
80 . 3  

1 1 5 .  4 
1 48 . 2 
1 93 . 2  

J 
0 . 0000 1 

1 5 1 7  1 5 1 7  
1 854 1854 

-
1 664 1 664 
1 854 1 854 " " " " 

-
1 5 1 7  1 5 1 7  
1 744 1 744 
1854 1 854 

TECHNOLOGY Advanced 

DATE May 1 980 

W E L LS 
MAX N O . W I LDCAT 
PROSP . SUCC E S S  W I LDCAT DEVEL OPMENT 

AT PR I C E  '& DkY PROO . QB.Y. PROD . TOTAL 

226 43 . 2  138 98 16 64 306 
207 60 . 7 8 1  1 26  1 8  7 4  299 

33. I 
2 1 3  50 . 3  1 06 107  18  72 303 
207 60 . 7  8 1  1 26 1 8  74 299 " " " 

" " ,, 

- 2 3 . I 
226 43 . 2  128 98 16 64 306 
2 1 2 54 .  I 97 1 1 5 1 8  73 303 
207 60. 7  8 1  1 26 1 8  7 4  299 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i c u l a r 

NGL C BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I V E 
PERM .  AREA 
CMD )  ( SECT I ONS ) 

t-' 0 . 03 1 1  
t-' 
I 

Ul 0 . 0 1  45  
I.D 

0 . 003 64 

0 . 00 1  30 

0 . 0003 28 

0 . 000 1 1 5  

0 . 00003 9 

0 . 0000 1  1 3  

2 1 5  

H/C GAS 
PORO S I TY 

( % ) 

* 

NET PAY 
TH I CKNESS 

C FT . )  

* 

TABLE l l -40 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  Lew i n  Area I 
FORMAT I ON :  A l mond B + E r i cson , 

DEPTH ( FT .  ) : 1 1 ,  000 
PRE SSURE CPS I A ) : 5 500 
TEMPERATURE ( ° F ) : 2 2 5  

Rock S p rg s . ,  B l a i r  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MAT ED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERA8LE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BC F )  PRODUCT I VE 1 st W/C 2 n d  W/C 

2 1 9 . 37 1 55 * * * 

1 030 . 39 729 

1 7 1 8 . 99 1 1 43 

898 . 57 567 

969 . 0 5 54 

578 . 73 3 1 2  

343 . 22 1 69 

4 9 5 . 74 2 26 

62 54 . 3855  

* Ref e r  to i nd i v i d ua l  format i ons tor  these data . 



TABL E  1 1 -4 1  
W E L L  P R OD U C T I O N S U M M A R Y -- B A S E  C A S E  

G R E A T E R  G R E E N R I V E R , L E W I N A R E A  1 ,  A L M O N D  B + E R I C K S O N -R O C K  S P R G S - B L R 

G A S  P R O D U C T I O �  C M M C F / Y E A R / W E L L )  

K • 0 , 3  0 . 1 Y E A R  0 . 0 3 0 . 0 1  o . o o 3  0 . 0 0 1  o . o o o 3  o . o o o 1  o . o o o o 3  o . o o o o 1  C MD )  

1 8 5 6 7 4 1  6 3 8  5 6 8 5 0 7 4 6 5  4 3 0  4 1 0 

2 3 8 C  3 4 4 2 9 3  2 5 6 2 2 6  2 0 5  1 8 4  1 7 3  
f-' 
f-' 
I 

0'1 
0 5 1 4 5 1 5 5 1 3 6  1 1 7  9 8  8 7  7 6  7 0 

1 0  6 0  7 4  7 3  6 5  5 3  4 4  3 7  3 2  

1 5  3 3  4 6  5 3  4 6  3 7  3 0  2 5  2 1  

2 0  2 0  3 2  3 9  3 7 2 9  2 3  1 8  1 6  

3 0  1 0  1 7  2 5  2 6  2 1  1 7 1 2  1 0  

3 0 - Y E A R 
c u rv. r-: . P R Q D , 2 7 0 0  2 8 7 0 2 7 3 9  2 4 3 0 2 0 6 9 1 7 9 9  1 5 6 0 1 4 09 

( M M C F ) 



TAB L E  l l -42  
w E L L  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E 

G R E A T E R  G R E E N R I V E R ,  L E W I N A R E A  1 ,  A L M O N D  B + E R I C K S O N-R O C K  S P R G S - B L R 

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 9 8 0  8 8 7  7 4 4  7 1 9  6 3 8 5 8 0 5 2 3  4 8 6 

2 3 5 9  3 5 6 3 0 3  2 7 4 2 3 4 2 0 9  1 8 4  1 6 9  
I-' 
I-' 

I 
"' 
I-' 5 1 0 8 1 3 4 1 3 2  1 1 8  9 6  8 4  7 0  6 1  

1 0  3 7  5 4  6 6  6 0  4 8  4 3  3 5  2 8  

1 5  1 9  3 0  4 3  3 8  3 3  3 0  2 3  1 9  

2 0  1 1  2 0  3 2  2 8  2 2  2 1  1 8  1 4  

3 0  5 9 1 8  1 6  1 4  1 5  1 2  8 

3 0 - Y E A R  
C lJ M M . 

2 3 5 9 2 6 2 0  2 6 4 0  2 4 3 0  2 0 6 0  1 8 8 0  1 5 9 0  1 3 9 0  P R O D . 
( M M C F ) 



TABLE l l -43 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond B + Er i cson , Rock S prg s . , B i a i r  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERAtjLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQU . TO PRODUCE ACTUALLY USEU ACTUAL WEL LS 
(MD )  ALL GAS [ MAX=4 1 < BCF ) ALL GAS [ MAX= I 2 1  <BCF ) --

0 . 03 
I-' 

5 . 36 4 1 1 6 6 .  1 4  6 .  1 4  1 5 5 
I-' � 0 . 0 1  5 . 65 4 5 1 6  6 .  1 9  6 .  1 9  729 
N 

0 . 003 6 . 5 1  4 702 6 . 7 5  6 . 7 5  1 1 43 

0 . 00 1 7 . 78 4 292 7 . 79 7 . 79 567 

0 . 0003 9 . 64 4 230 9 . 6 5 9 . 6 5  554 

0 . 000 1 1 1 . 59 4 1 08 1 1 . 09 1 1  . 09 3 1 2  

0 . 00003 1 2 . 69 4 53 1 2 . 38 1 2 . 0  1 64 

0 . 0000 1 1 2 . 44 4 73 1 2 . 67 1 2 . 0  2 1 4  

2090 383B 



1--' 
1--' 
I 

0'1 
w 

TABU:: 1 1 - 44 

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Gredter Green R i ver 
SUB-BAS I N : Lew i n  Area 1 
FORMAT I ON :  A l mond B + Er i cson , Rock S pry s . , B i a i r  

Geo l ogy a n d  Geop h ys i cs ( $/Pros pect ) 

Dr  i I I i ng Cost ( $/We i I )  

Frar. ture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fracture ] 
Ad vanced Case ! 2000/4000 Ft . Fract u re ] 

S u r f C�ce Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We l l )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Ga s Revenue 

2 0 , 000 

1 , 1 93 , 9 1 9  

350 , 020 - 1 , 1 69 , 960 
699 , 050 - 2 , 1 7 5 , 360 

4 5 , 000 

1 0 , 000 

0 . 0303 



TJl.BL E l l - 45 
ECONOM I CS SUMMARY 

BAS I N  Gz::eec Bi!itet TECHNOLOGY Base 
SUB BAS I N  lPwin Ana� I FORMAT I ON 8Imccd B + Ericscc Bc'k Sgricgs Bl a i [ DATE e.J.iB.U 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST.  PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . �/MCF __ %_ NO .  VALUE * _w__ .J!.f£_ �M 1 AT PR I CE,BCF G I P  BCF  AT PR I C E  '& DRY �- !!!!:!. PROD, !.Qffib. 

D i scoun t Rate l ifk 
0806 1 1 1  I .  50 0 0 - 20 1 5  0 - 1 1 4  7 0 0 0 0 0 0 0 

2 1  2 . 50 3 3 .  I 4 CDEF 3847 3 .  773 84 I I  . 0 1 626 2554 4 3 1  3 3 .  I 289 1 42 98 389 9 1 8  
3 1  3 .  1 0  " " " " " 594 1 7 . 3 " " " " " " " " " 
41  3 . 50 43 . 2 5 CDEFG 4546 4 . 6 1 5  1 3 1 6  2 5 .  I 1 856 3 1 08 402 43 . 2  228  1 74 1 20 4 8 1  1 003 
5 1  5 . 00 50 . 3  6 COEFGH 4876 5 .  1 1 2 3 1 8 1 47 . I 1 964 3420 384 50 . 3  1 9 1  1 93 1 26 504 1 0 1 4  
6 1  7 . 00 60 . 7 8 CDEFGH I 530 1  5 . 5 1 2  5956 79 - 3 2090 3855 3 79 60 . 7  1 49 2 30 1 38 54� 1 066 
7 1  9 . 00 " " " " " 8440 1 07 . 9  
8 1  1 2 . 00 " " " " " 1 2 1 65 1 4 7 . 8 

D i scount  Rate l�k 

t-' 1 2  I .  50 0 0 20 1 5  0 - 1 1 44 0 - 0 0 0 0 0 0 
22 2 . 50 2 3. I 2 DE 3 340 2 . 804 -443  7 . 6  0 " 2 3 . 1 " " " " " 

t-' 3 2  3 . 1 0  3 3 .  I 4 CDEF 3847 3 . 773 1 45 1 7 . 3  1 626 2 554 4 3 1  3 3 .  l 289 1 42 98 389 9 1 8  I 42 3 . 50 " " " " " 4 1 5  2 1  . 6 " " " " " , ,  " " " 0"\ 
""" 5 2  5 . 00 4 3 . 2  5 COEFG 4546 4 . 6 1 5  1 93 3  44 . 5 1 856 3 1 08 402 43 . 2  228 1 74 1 20 48 1 1 003 

62 7 . 00 60 . 7  8 CDEFGH I J  530 1  5 . 5 1 2  4 3 4 1  79 . 3 2090 3855 3 79 60 . 7 1 49 2 30 1 38 549 1 066 
72  9 . 00 " " " " " 6 3 32 1 07 . 9 " " " " " " " . . " 
82 1 2 . 00 " " " " " 9303 1 47 . 8  

D i scount  Ra te 20% 
1 3  I .  50 0 0 - 20 1 5  0 - 1 1 40 0 0 0 0 0 0 0 
23  2 . 50 9 . 5 I 0 2507 I . 064 -890 0 " 9 . 5  
3 3  3 .  1 0  2 3 .  I 2 DE 3 340 2 . 804 - 352 1 2 . 7  " 2 3 .  I 
43 3 . 50 3 3 .  I 4 CDEF 3847 3.  773 85 21 . 6  1 626 2554 4 3 1  3 3 .  I 289 1 42 98 389 9 1 8  
5 3  5 . 00 48 . 2 5 CDEFG 4546 4 . 6 1 5  1 3 1 7  44 . 5  1 856 3 1 08 402 4 3 . 2  228 1 74 1 20 48 1  1 003 
63 7 . 00 54 .  I 7 CDEFGH I 4986 5 . 260 3 1 04 76 . 6 20 1 9  3629 384 54 . I 1 9 1  1 9 3 1 26 50'• 1 0 1 4  
73  9 . 00 60 . 7  8 CDEFGH I J  530 1  5 . 5 1 2  4955 1 07 . 9  2090 3855 3 79 60 . 7  1 49 2 30 1 38 549 1 066 
8 3  1 2 . 00 " " " " " 7425 1 47 . 8 " " " " " " 

* COD E :  C D  E F G H I  J 
0 03 0 . 0 1  0 . 003 0 . 001  0 0003 0 . 000 1 0 . 00003 0 . 0000 1 



TABLE  l l - 46 

ECONOM I CS SUMMARY 
BAS I N  Green R i ver TECHNOLOGY Advanced 
SUB BAS I N  Lew i n  Area 1 FORMAT I ON A l mond B + E r i cson , Rock Spr i ngs , B l a i r  DATE Jum� 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T .  K-LEVELS E & P GAS NET PRE S .  DCF RATE MAX NO . W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VHCF __ %_ NO . VALUE * _w_ _!!f£_ �M X. AT PR I C E  BCF G I P  BCF AT PR I CE % DRY PROD . QK!:. PROD . � 
D i scoun t Rate 1 �/o 
08062 1 1  " 1.50 0 0 2556 0 - 1 454 0 0 0 0 0 0 0 

2 1  2 . 50 2 3 .  1 2 DE 5969 4 . 246 -97 9 . 0  1 872 1 872 0 2 3 .  1 " " " " " 

3 1  3 . 1 0  3 3 .  1 4 CDEF 757 1  5 . 960 1 268 20 . 9 2 594 2594 435 3 3 . 1 292 1 4 3 2 1 9  873  1 52 7  
4 1  3 . 50  " " " " " 1 9 1 9  2 6 . 9  " " " " " " " " " 

5 1  5 . 00 43 . 2  5 CDEFG 1 0428 7 . 990 5764 5 5 . 2 3 1 48 3 1 48 394 4 3 . 2  224 1 70 285 1 1 42 1 82 1  
6 1  7 . 00 50 . 3 6 CDEFGH 1 2386 9 . 0 1 3  1 1 082 93 . 4 3460 3460 384 50 . 3 1 9 1  1 93 323 1 292 1 999 
7 1  9 . 00 60 . 7  8 CDEFGH I J 1 5444 1 0 . 324 1 7622 1 5 3 . 0 3839 3855 372 60 . 7  1 46 226 380 1 5 1 7  2269 8 1  1 2 . 00 " " " " " 25962 1 94 . 8  " " " " " " " " 

D i scount  Rate 1�/o f-' 1 2  1 .  so 0 0 - 2556 0 - 1 444 0 0 0 0 0 0 0 
f-' 22 2 . 50 0 0 2556 0 - 1 444 0 0 0 0 0 0 0 

I 3 2  3 . 1 0  2 3 .  1 2 DE 5969 4 . 246 86 1 6 . 0 1 872 1 872 44 1  23 .  1 339  1 02 1 55 622 1 2 1 8  0'1 42 3 . 50  3 3 . 1 4 CDEF 757 1  5 . 960 1 073  2 6 . 9  2594 2594 435  3 3 .  1 292 1 4  3 2 1 9  873 1 527 U1 5 2  5 . 00 4 3 . 2  5 CDEFG 1 0428 7 . 990 4059 55 . 2 3 1 48 3 1 48 394 4 3. 2 224 1 70 285 1 1 42 1 82 1  
6 2  7 . 00 " " " " " 7557 9 2 . 8  " " " " " " " " " 

7 2  9 . 00 60 . 7  8 CDEFGH I J  1 5444 1 0 . 324 1 3465 1 3 3 . 0  3839 3855 372 60 . 7  1 46 226 380 1 5 1 7  2269 
82 1 2 . 00 " " " " " 20234 1 94 . 8  " " " " " " " " " 

D i scount  Rate 20% 
1 3  1 .  5 0  0 0 2556 0 - 1 434 0 0 0 0 0 0 0 
2 3  2 . 50 0 0 2 556 " - 1 4  34 0 
3 3  3 . 1 0  9 . 5  1 D 3780 1 . 5 3 1  -906 I . 4  0 " 9 . 5  
43 3 . 50 2 3 . I 2 DE 5969 4 . 246 6 1 2  20 . 9  1 872 1 872 4 4 1  2 3 .  I 339  1 02 1 5 5 622 1 2 1 8  
5 3  5 . 00 3 3 .  I 4 CDEF 7 5 7 1  5 . 960 2 1 72 50 . 5 2594 2594 435 33 .  I 292 1 43 2 1 9  873 1 527 
6 3  7 . 00 4 3 .  2 5 CDEFG 1 0428 7 . 990 5843 92 . 8 3 1 48 3 1 48 394 4 3 . 2  224 1 70 285 1 1 42 1 82 1  
7 3  9 . 00 50 . 3  6 CDEFGH 1 2 385 9 . 0 1 3 9686 1 3 3 . 0  3460 3460 384 50 . 3  1 9 1 1 93 323 1 292 1 999 
8 3  1 2 . 00 60 . 7  8 CDEFGH I J 1 5444 1 0 . 324 1 6328 1 94 . 8  3839 3855 372 60 . 7 1 46 226 380 1 5 1 7  2269 

* CODE : C D  E F G H I J 
0 . 03 0 . 0 1 0 . 003 0 . 0 0 1  0 . 0003 0 . 00 0 1  0 . 00003 0 . 0000 1 



I-' 
I-' 
I 

0'1 
0'1 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r  

NGL ( BBL/MMCF ) :  2 5 .  

AVERAGE PI�ODUCT I V E  
f-=>ERM . AREA 
( MD ) ( SECT I ONS ) 

• 1 1 4  

. 03 48 

. 0 1  82 

. 003 74 

. 00 1  32 

. 0003 1 7  -

261 

H/C GAS 
PORO S I TY 

( % ) 

5 .  1 

4 . 6  

4 . 2 

3 . 8  

3 . 4  

3 .  1 

NET PAY 
TH I CKNESS  

( FT . ) 

1 5  

22 

30 

36 

42 

50 

TAI:3LE 1 1 -47 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Gr eater Green R i ver 
SUB-BAS I N : Lew i n  
FORMAT I ON :  La nce & Lew i s  

EST  I MATED MAX . 
GAS- I N-PLACE AT RECOV ERABLE 
RESERVO I R  CONO . GAS 

( BCF ) ( BC F ) 

7 9 . 2 1  64 

359 . 28 274 

764 . 1 6  548 

748 . 73 503 

4 1 8 . 43 262 

233 . 8 5  1 36 

1 787  

DEPTH ( FT . ) :  9000 
PRESSURE ( PS I A ) : 4950 
TEMPERATURE ( ° F ) : 200 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROOAB I L I TY THAT W/C I S  

THAT STATE -OF- PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE-OF-NATURE I S  PROU 

PRODUCT I VE 1 st W/C 2 n d  W/C 

• 1 5  1 . o  

. 3 5  1 . o  

. 4 5  1 . o  

. 5 5 1 . 0 

. 6 5  1 . o  

• 7 5  1 . 0 



TABLE  l l -48 
W E L L  P R OD U C T I O� S U M M A R Y - -B A S E  C A S E 

G R E A T E R  G R E E N  R I V E R ,  L E W I N  A R E A  1 ,  L A N C E  A N D  L E W I S  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  C MO )  Y E A R  

1 4 6 3  4 0 2 3 0 2  1 8 8  1 3 2 78  

2 1 3 6  1 7 2  1 5 2 9 7 6 8  4 1  

1-' 
1-' 
I 

"' 5 2 6  5 7  7 2  5 4  3 9  2 3  
-...J 

1 0  5 1 9  3 6  . 3 3  2 7  1 6  

1 5  1 9 2 2  2 4  2 1  1 3  

2 0  0 5 1 4  1 8  1 8  1 1  

3 0  0 2 7 1 2  1 4  9 

3 0 - Y E A R 
C U t" M . 
P R O D . 8 0 9  1 1 0 9 1 2  8 0  1 0 7 0  8 5 9 5 3 0 

( M M C F ) 



TABL E  l l -49 

� E L L  P R O D U C T I O N S U M M A R Y -- A D V A N C E D  C A S E  

G R E A T E R  G R E E N  R I V E R ,  L E W I N  A R E A 1 '  L A N C E A N D  L E W I S  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3  0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A P  

1 5 3 3  4 8 6  3 6 5  2 4 4  2 0 7  1 3 6  

2 7 8  2 0 9 1 8 3  1 1 9 9 2  5 8  
I-' 
I-' 
I 

0) 5 1 0  6 9  8 7  5 9  5 0  3 2  00 

1 0  2 2 3  4 3  3 2  2 8  1 8  

1 5  0 1 1  2 6 2 0  1 9  1 3  

2 0  0 6 1 7  1 4  1 4  1 0  

3 0  0 2 9 8 8 6 

3 0 - Y E A R  
C U M M . 
P R O D . 7 1 0  1 3 4 0  1 5 3 9 1 0 9 0  9 6 0  6 4 9  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
( MD )  AL L GAS [ MAX=4 ] 

--

f-' 
f-' � 0 . 1 5 . 64 4 
1..0 

0 .03 5 . 1 4 4 

0 . 0 1  5 . 22 4 

0 .003 6 .35 4 

0 . 00 1 9 . 55 4 

0 .0003 1 5 . 1 1 4 

TABLE  1 1 - 50  

PRODUCT I ON W E L L  REQU I REMENTS 

BAS I N : Gr eater Gr een R i ver 
SUB-BAS I N : L ew i n  1 
FORMAT I ON :  La nce & Lew i s  

RECOV ERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

4 5  6 . 42  

2 1 4 4 . 25 

4 1 6  4 . 34 

3 1 7  6 . 24 

1 1 0 8 .  54 

37 1 2 . )4 

1 1 39 

ADVANCED CASE 
NUMBER OF RECOV ERABLE  

WELLS/S ECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX= 1 2 l  C BCF ) 

6 .42  64 

4 . 25  274 

4 . 34 548 

6 . 24 503 

8 . 54 262 

1 2 . 00 1 32 

1 783 



f--' 
f--' 
I 

-...] 
0 

TABLE l l - 5 1  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Ca se I 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n  1 
FORMAT I ON :  Lance & Lew i s  

Ad vanced Case ! 2000/4000 Ft . Fracture ] 

S u r face Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense  ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W .  I .  Gas Revenue 

20 , 000 

749 , 000 

1 6 7 , 000 - 2 1 3 , 000 
332 , 000 - 425 , 000 

45 , 000 

1 0 , 000 

. 0303 



TAB L E  l l - 52  
ECONOM ICS  SUMMARY 

BAS I N  Green R i ve r  fECHNOLOGY Base 

SUB BAS I N  Lew i n  Area 1 FORMAT I ON Lance , Lewi s DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & P GAS NET PRE S .  DCF RATE MAX NO .  W I LDCAT 

GAS PR I CE PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO .  VMC F  __ %_ NO . VALUE * ....lli._ ....m_ iM :& AT PR I C E,BCF G I P  BCF AT PR I CE % DRY � . DRY PROD . TOTAL 

D i scoun t Rate 1 �/o 
0807 1  I I  1 .  50 0 0 1 080 0 -6 1 7  0 - 0 0 0 0 0 

2 1  2 . 50 1 9 . 8  2 C D  3355 " - 36 9 . 3 " - " " " " " 

3 1  3 .  1 0  20 . 8  3 BCD 3440 2 . 8 34 3 78 1 6 . 4 675  886 2 38 20 . 8  1 89 49 1 1 7 4 7 1  827 
4 1  3 . 50 )6 . 0 4 BCDE 5204 4 . 875 1 098 2 3 .  I 992 1 389 203 36 . 0  1 30 73  1 76 702 1 080 
5 1  5 . 00 44 . 3  5 BCDEF 5 8 1 4  5 . 5 1 0  2840 4 1 . 2  I I  02 1 65 1  200 44 . 3  1 1 2  89 1 98 792 1 1 89 
6 1  7 . 00 44 . 3 5 BCDEF 5 8 1 4  " 5074 65. I I I  02 1 65 1  " 44 . 3  " " " " " 

7 1  9 . 00 44 . 4 6 BCDEFG 6223 5 .  764 7468 85 . 7  I I  39 1 787 1 98 49 . 4  1 00 98 2 1 2  847 1 256 
8 1  1 2 . 00 49 . 4  6 BCDEFG 6223 " 1 0936 1 1 4 . 6  1 1 39 1 787 " 49 . 4  

D i scoun t Rate 1�/o 
1-' 1 2  1 .  50 0 0 1 080 0 -6 1 6  0 0 0 0 0 0 0 1-' 22 2 . 50 0 0 1 080 " -6 1 6  0 " " " " " " 
I 3 2  3 . 1 0  1 9 . 8  2 c o  3355 2 .  767 44 1 5 . 9  6)0  822 228 1 9 . 8  1 82 44 1 09 433  767 -....] 42  3 . 50 20 . 8  3 BCD 3440 2 . 834 2 74 20 . 9  675 886 2 38 20 . 8  1 89 49 1 1 7  47 1  827  1-' 52 5 . 00 )6 . 0  4 BCDE 5204 4 . 875 1 666 4 1 . 5  992 1 389 203 36 . 0  1 30 7 3  1 76 702 1 080 

62 7 . 00 44 . 3  5 BCDEF 58 1 4  5 .  5 1 0  3474 65 .  I I I  02 1 65 1  200 44 . 3  1 1 2 89 1 98 792 1 1 89 
7 2  9 . 00 " " " " " 5 1 63 86 . 6 " " " " " " " , ,  " 

8 2  1 2 . 00 49 . 4  6 BCDEFG 6223 5 . 764 7869 1 1 4 . 6 1 1 39  1 787 1 98 49 . 4 1 00 98 2 1 2  847 1 256 

D i scount  Rate 2�/o 
1 3  1 .  50  0 0 - 1 080 0 -6 1 5  0 0 0 0 0 0 0 
23  2 . 50 0 0 - 1 080 " -6 1 5  0 
3 3  3 .  1 0  6 .  I 1 c 1 729 " -447 0 
43 3 . 50 20 . 8  3 BCD 3440 2 . 834 36 20 . 9 675 886 238  20 . 8 1 89 49 1 1 7  4 7 1  827 
53 5 . 00 )6 . 0  4 BCDE 5204 4 . 875 1 070 4 1 . 5 992 1 389 203 )6 . 0 1 30 7 3  1 76 707 1 080 
63 7 . 00 44 . 3 5 BCDEF 5 8 1 4  5 . 5 1 0  247 1  65 . I I I  02 1 65 1  200 44 . )  1 1 2 89 1 98 792 1 1 89  
73  9 . 00 44 . 3  5 BCDEF 58 1 4  5 . 5 1 0  3807 86 . 6  I I  02 1 65 1  " 44 . 3 " " " " " 

8 3  1 2 . 00 44 . 4 6 BCDEFG 6223 5 . 764 5927 1 1 4 . 6  1 1 39 1 787 1 98 49 . 4 1 00 98 2 1 2  847 1 256 

* CODE : B C D E F G 
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 



1-' 
1-' 
I 

-....! 
N 

BAS I N  G reen R i ve r  

SUB BAS I N  '-'"'� ArP" 1 FORMAT I ON I acce I ek!fi s 
AVERAGE PER PROSPECT 

GAS PR ICE  
CASE NO . VHCF 

D i scount  Ra te l �k 
08072 I I 

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

I .  50 
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scou n t  Rate l�h 
1 2  I .  50 
22 2 . 50 
3 2  3 . 1 0  
42 3 . 5 0  
5 2  5 . 00 
62 7 . 00 
7 2  9 . 00 
82 1 2 . 00 

D i scount  Ra te 2�k 
1 3  I .  50 
23 2 . 50 
3 3  3 .  1 0  
43 3 . 50 
53  5 . 00 
63 7 . 00 
73  9 . 00 
83  1 2 . 00 

PROF I T .  
PROSP . 
_%_ 

0 
1 9 . 8  
" 
" 

44 . 3  
" 

49 . 4  
" 

0 
0 

1 9 . 8  
" 

36 . 0  
44 . 3  
49 . 4  

" 

0 
0 
6 .  I 

1 9 . 8  
36 . 0  
44 . 3 

" 
49 . 4  

K -LEVELS E & p 
ON STREAM I NVEST . 
NO .  VALUE * _w__ 
0 1 249 
2 co  3782 
" " " 
" " " 
5 BCOEF 8758 
" " " 
6 BCOEFG 1 0 369 
" " " 

0 1 249 
0 " 
2 co  3782 
" " " 
4 BCDE 7230 
5 BCDEF 8758 
6 BCOEFG 1 0 369 
" " " 

0 1 249 
0 1 249 
I c 1 968 
2 co  3782 
4 BCOE 7230 
5 BCOE F 8758 
" " " 

6 BCOEFG 1 0369 

* COD E :  B C 0 E F G 
0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 

GAS NET PRES . 
PROD . VALUE 
_gf_ �M 

0 - 7 1 3  
3 . 1 89 1 7  
" 459 
" 754 
7 . 445  4 1 26 
" 7378 
8 . 2 1 4  1 1 324 
" 1 6672 

0 - 7 1 0  
0 - 7 1 0  
3 . 1 89 1 00 " 

328 
6 . 208 2 3 1 6  
7 . 445 5 1 36 
8 . 2 1 4  8046 " 1 2 1 1 2  

0 - 706 
" - 706 

. 79 1  - sao 
3. 1 89 56 
6 . 208 1 52 7  
7 . 445 3708 
" 5674 
8 . 2 1 4  9 1 77 

TABLE  

ECONOM I CS 

OCF RATE 
OF RETURN 

% 
0 

I 0 .  2 
1 6 . 9  
2 1 . 3  
45 . 3  
73 . 3  
96 . 5  

I 3 1 .  3 

0 
0 

1 6 . 9  
2 1 . 3  
4 5 .  I 
73 . 3 
96 . 5  

1 3 1 .  3 

0 
0 
0 

2 1 . 3  
4 5 .  I 
73 . 3  
98 . 6  

I 3 1 . 3 

l l - 53 

SUMMARY 
TECHNOLOGY Advanced 

DATE Juoe 1980 

BAS I N  TOTALS WELLS 
MAX NO . W I LOCAT 

GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LOCAT DEVELOPMENT 
AT PR I CE BCF G I P  BCF AT PR I CE  '& Q!ll PROD . DRY PROD . TOTAL 

- 0 - 0 0 0 0 0 
822 822 257 1 9 . 8 206 5 1  1 1 0 466 84 1  

1 65 1  1 65 1  222 44 . 3 1 24 98 297 1 1 86 1 704 
" " " " " " " " " 

1 787 1 787 2 1 7  49 . 4  1 1 0 1 08 349 1 395 1 96 1  

0 - 0 0 0 0 0 
- 0 0 0 0 0 0 

822 822 257 1 9 . 8  206 5 1  1 1 6 466 84 1  
" " " " " " 

1 389 1 389 224 36 . 0  1 43 80 239 956 1 4 1 9  

1 65 1  1 65 1  222 44 . 3  1 24 98 297 1 1 86 1 704 

1 787 1 787 2 1 7  49 . 4  1 1 0 1 08 349 1 395 1 96 1  

- - 0 - 0 0 0 0 0 

822 822 257 1 9 . 8 206 5 1  1 1 6 466 84 1 
1 389 1 389 224 36 . 0 1 4 3  80 239 956 1 4 1 9  
1 65 1  1 65 1  222 44 . 3 1 24 98 297 1 1 86 1 704 
1 65 1  1 65 1  " 44 . 3  " " " " 

1 787 1 787 2 1 7  49 . 4  1 1 0 1 08 349 1 395 1 961  



TOTAL BAS I N  AREA ( S ECT I ONS ) :  

I-' 
I-' 

TYPE : B l a n ket 

NGL ( BB L/MMC F ) : 25 . 

AVERAGE PRODUCT I V E 
PERM . AREA 
( MD )  ( SECT I ONS ) 

� 0 . 3 22 
w 

0 . 1 39 

0 . 03 83 

0 . 0 1  1 00 

0 . 003 1 05 

0 . 00 1 52 

0 . 0003 35  

436 

H/C GAS 
POROS I TY 

( % )  

6 . 6 

4 . 7  

4 .  1 

3 . 7  

3 .4 

3 . 2  

3 . 0 

NET PAY 
TH I CKNESS 

( FT . ) 

7 

9 

1 3  

1 8  

23 

30 

3 1  

TABLE l l - 54 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver  
SUBBAS I N : Lew i n  2 & 3 
FORMAT I ON :  A l mond A 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) < BCF ) 

72 . 1 2  54 

1 1 7 . o 90 

3 1 3 . 74 225 

472 . 00 340 

496 . 1 8  392 

354 . 1 2  225 

238 . 7  1 39 

2064 . 1 465 

DEPTH ( FT . ) :  9000 
PRESSURE <PS I A ) : 4680 
TEMPERATURE ( ° F ) : 1 95 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
NATURE I S  STATE O F  NATURE I S  PROD 

PRODUCT I V E I st W/C 2 n d  W/C 

0 . 50 1 . 0 

0 . 60 1 . o 

0 . 7 5  1 . o  

0 . 80 1 . 0 

0 . 85  1 . 0 

0 . 8 5  1 . 0 

0 . 90 1 . o  



TABLE  1 1 - 5 5  
W E L L  P R O D U C T I O N S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R ,  L E W I N  2 A N D  3 ,  A L M O ND A 

G A S  P RO D U C T I O N  C M M C F / Y E A R / WE l l )  

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 00 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( MD )  
Y E A R  

1 4 9 4  3 3 3  2 3 3  1 7 1  1 0 7  7 5  4 0  

2 3 5 2  2 3 3  1 5 1  1 0 3 6 2  4 1  2 1 
t-' 

t-' 

I 
-...) 

5 1 8 8  1 4 4  1 0 6 7 0  3 9  2 6  1 3  oj::>. 

1 0  9 7  8 5 7 8  5 5  3 0 1 9  9 

1 5  6 0  5 6  6 1  4 7 2 6  1 6  8 

2 0  3 9  4 2  4 8  4 2  2 4  1 4  1 

3 0  2 6  2 4  3 5  3 4  2 1  1 2  6 

3 0 - Y E A f< 
c u r. M . 
P R O D . 3 0 4 8  

( M M C F ) 
2 4 7 2  2 1 8 8 1 6 5 4  9 6 3  6 1 7  3 0 4  



TABLE  1 1 - 56 

W E L L P R O D UC T I ON S U M M A R Y-- A D V A N C E D  C A S E  

G R E A T E R  G R E E N  R I V E R , L E W I N  2 A N D  3 ,  A L M O N D  A 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 0 3 0 . 0 0 0 3  o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 1 Y'E A R 0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

1 6 8 8  5 1 4 5 7 1  4 7 4  3 6 3  2 7 2  1 5 3 

I-' 2 4 9 2  3 4 3  3 7 8  3 0 0 2 0 8 1 5 0 8 2  

I-' I -.....] 
Vl 5 3 0 5  2 2 2 2 4 5 1 9 1  1 2 8 9 0  4 7  

1 0  1 8 5  1 4 6 1 6 9 1 3 8 9 2 6 4  3 3  

1 5  1 2 6  1 0 6 1 2 9  1 1 1  7 7  5 3  2 8  

? 0  9 1  8 3  1 0 1  9 6  6 7  4 7  2 4  

3 0  5 5  5 3  7 1  7 4  5 5  3 9  2 0  

3 0 - Y F A R 
C l.J M M . 
P R  C D . 5 2 6 4  4 1 8 3  4 8 5 0 4 1 4 7  2 90 3 2 0 5 4  1 0 9 4  

( M M C F ) 



TABLE 1 1 - 57  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  2 & 3 
FORMAT I ON :  A l mond A 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOV ERABLE 

v�ELLS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY US ED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 < BC F )  ALL GAS [ MAX= 1 2 1  < BCF ) 

I-' 
. 3  I-' . 82 . 82 54 . 4  74 . 474 54 

I 
-....J 
0'\ • 1 • 92 • 92 90 . 545 . 545 90 

. 03 1 .  24 1 . 24 225 . 56 1 . 56 1  225 

• 0 1  2 . 05 2 . 05 340 . 8 1 7  . 8 1 7  340 

. 003 3 . 88 3 . 88 392 1 . 288 1 . 288 392 

. 00 1 6 . 93 4 .  1 30 2 . 084 2 . 084 225 

. 0003 1 3 . 05 4 .  4 3  3 . 638 3 . 638 1 39 

1 274 1 46 5  



I-' 
I-' 

I 
-....] 
-....] 

TAB L E  1 1 - 58 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n  2 & 3 
FORMAT I ON :  A l mond A 

Ad vanced Case [ 2000/4000 Ft . Fract ure ] 

S urface Eq u i pment ( $/We I I )  

Annua l Operat i ng Expense ( $/We i I )  

Compres sor  Fue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

736 , 000 

1 03 , 43 1  
1 3 1 , 000 - 340 , 000 

4 5 , 000 

1 0 , 000 

0 . 0303 



TAB L E  l l - 59 

BAS I N  Gia::ailltat Gt:eec BiHec 
ECONOMICS 

SUB BAS I N  Lew i n A rea 2 & 3 FORMAT I ON Al mond A 

AVERAGE PER PROSPECT 
PROF I T .  K-LEVELS E & p GAS NET PRES .  D C F  RATE 

GAS PR I CE  PROS P .  O N  STREAM INVEST . PROD . VALUE OF RETURN 
CASE NO. VMCF ___',L_ NO . VALUE * ....iti._ � �M � 
D i scount Rate l ifk 
082 1 1 1 1  I .  so 6 . 3 2 AB 1 049 . 440 -432  0 

2 1  2 . 50 20 . 9  3 ABC 1 444 I .  457 - 3 7 1  9 .  I 
3 I 3 . 1 0  3 7 . 5  4 ABCD 2 1 86 2 . 82 7  499 1 8 . 0  
4 1  3 . 50 " " " " " 707 2 1 . 3  
5 1  S . OD 5 8 . 7 5 ABC DE 407 1 4 . 640 2 1 45 32 . 4  
6 1  7 . 00 6 8 . 9  6 ABCDEF 475 1  5 . 203  4026 49 . 8 
7 1  9 . 00 " " " " " 584 1 6 9 . 6  
8 1  1 2 . 00 " " " " " 8564 98 . 4  

D i scoun t Rate I� 
1-' 1 2  I .  50 2 . 5  I A 9 6 1  . 1 60 -488 0 1-' 22 2 . 50 20 . 9  3 ABC 1 444 I .  457 - 1 93 0 
I 3 2  3 . 1 0  " " " " " -63  1 3 . I -...I 42 3 . 50 3 7 . 5  4 ABCD 2 1 86 2 . 827  288  2 1 . 3  

00 52 5 . 00 " " " " " 857  3 3 . 8  
6 2  7 . 00 5 8 . 7 5 ABC DE 407 1 4 . 640 2375  5 1 . 4  
72  9 . 00 68 . 9  6 ABC DEF 4 7 5 1  5 . 203  3784 69 . 6 
8 2  1 2 . 00 " " " " " 5 74 1  98 . 4 

D i scoun t  Rate 2if4 
1 3  I .  so 2 . 5  I A 96 1 . 1 60 -493 0 
23  2 . 50 6 . 3  2 AB 1 049 . 440 - 4 1 1  " 
3 3  3 .  1 0  20 . 9  3 ABC 1 444 I .  457 - 1 83  1 3 . I 
43 3 . 50 " " " " " - l i S 1 5 . 7  
53  5 . 00 3 7 . 4  4 ABCD 2 1 86 2 . 82 7  486 33 . 8 
6 3  7 . 00 58. 7 5 ABC DE 407 1  4 . 640 1 550 5 1 . 4  
73  9 . 00 " " " " " 2468 70 . 5 
8 3  1 2 . 00 6 8 . 9  6 ABCDEF 4 7 5 1  5 . 203 4095 9 8 . 4  

* COD E :  A B C D E F G 
0 . 3 0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1 0 . 0003 

SUMMARY 
TECHNOLOGY Base 

DATE June 1 980 

BAS I N  TOTALS 
HAX NO. W I LDCAT 

GAS RECOVER . HAX RECOV . PROSP .  SUCCESS W I LDCAT 
AT PR I C E,BCF G I P,BCF AT PR I CE X. DRY PROD . 

0 0 0 6 . 3  0 0 
0 0 0 20 . 9  0 0 

709 709 2 5 1  37 . 5 1 56 95 
" " " " " " 

1 1 0 1  1 1 0 1  236 58 . 7  98 1 39 
1 2 3 1  1 2 3 1  2 36 68 . 9  74 1 6 3 

0 0 0 2 . 5  0 0 
0 0 0 20 . 9  0 0 
" " " " " " 

709 709 2 5 1  3 7 . 5  1 56 95 
" " " " " " 

I I  0 1  1 1 0 1  236 58 . 7  98 1 39 
1 23 1  1 2 3 1  236 68 . 9  74 1 6 3  

" " 

0 0 0 2 . 5  0 0 
" " " 6 . 3 
" " " 20 . 9  
" " " " 

709 709 2 5 1  37 . 5 1 56 95 
1 1 0 1  236  236 5 8 . 7  98 1 39 

" " " " " " 

1 2 3 1  1 2 3 1  236 68 . 9 74 1 6 3 

WELLS 

DEVELOPMENT 
Q.!\Y. 

0 
0 

72 
" 

1 69 
205 

0 
0 
" 

722 
" 

1 69 
205 

0 

72 
1 69 

" 
205 

PROD . !Q!& 

0 0 
0 0 

285 606 
" " 

676 1 082 
8 1 9  1 26 1  

I) 0 
0 0 
" " 

285 606 
" " 

676 1 082 
8 1 9  1 26 1  

0 0 

285 606 
6 76 1 082 

" " 
8 1 9  1 26 1  



I-' I-' I 
-.J 
1.0 

BAS I N  Grea t e r  G reen R i ve r  
SUB BAS I N  Lew i n  Areas 2 & 3 FORMAT I ON A l mond  A 

AVERAGE PER PROSPECT 

GAS PR I CE 
CASE NO . VMCF 

D i scount  Ra te l if/o 
082 1 21 1  l .  50  

2 1  2 . 50  
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i s coun t Rate 12£. 
1 2  l .  50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
7 2  9 . 00 
8 2  1 2 . 00 

D i �coun t  Rate 2if/o 
1 3  l .  50 
23 2 . 50 
3 3  3 . 1 0  
43 3 . 50  
53  5 . 00 
63 7 . 00 
7 3  9 . 00 
8 3  1 2 . 00 

* CODE : A B 
0 . 3 0 . 

PROF I T . K -LEVELS E & p GAS NET PRE S .  
PROSP . ON STREAM I NVEST . PROD . VALUE 
__ % __ NO . VALUE * _w__ � �M 

37 . 5  3 BCD 1 520 2 . 8 1 3  - 3 
68 . 9 6 ABCOEF 2559 5 . 4 3 7  1 289 

" " " " " 1 9 1 6  
" " " " " 2 3 35 

76 . 6 7 ABCDEFG 3257 6 . 020 4 1 52 
" " " " " 6472 
" " " " " 8793 
" " " " " 1 22 7 3  

20 . 9 2 BC I 3 1 5  I .  444 - 354 
58 . 7 5 ABC DE 2 1 1 8  4 . 62 7  6 1 1  
68 . 9 6 ABCDEF 2559 5 . 437 1 1 8 1  

" " " " " 1 492 
" " " " " 2659 

76 . 6  7 ABCDEFG 3257 6 . 020 45 1 9  
" " " " " 6243 
" " " " " 8827 

6 . 3 I B 1 1 82 . 432  -562 
37 . 5 3 BCD  1 520 2 .  8 1 3  52  
58 . 7 5 ABC DE 2 1 1 8  4 . 627  6 3 1  

" " " " " 84 1  
68 . 9 6 ABCDEF 2559 5 . 43 7  1 909 
76 . 6 7 ABCDEFG 3257 6 . 020 334 1 

" " " " " 4696 
" " " " " 6730 

C D E F G 
0 . 03 0 0 1  0 . 003 0 . 001  0 . 0003 

TAB L E  

ECONOM I CS 

DCF  RATE 
OF RETURN 

% 

9 . 9  
30 . 6  
4 1 . 2  
48 . 4 
72 . 3 

1 0 7 . 4  
1 39 . 7  
1 88 . 2  

3 . 4 
29 . 6  
4 1  . 2  
4 8 . 4  
74 . 8  

1 0 7 . 4  
1 39 . 7  
1 83 . 2  

0 
2 1 . 8  
39 . 4  
45 . 9  
74 . 8  

I 07 . 4 
1 39 . 7  
1 83 . 2  

l l - 60 
SUMMARY 

fECHNOLOGY Asjv�n�;�d 
DATE J une 1280 

BAS I N  TOTALS WEL LS 
HAX NO . W I LDCAT 

GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
AT PR I C E,BCF G I P  BCF  AT PR I CE % DRY PROD . Q!!Y. 'PROD . TOTAL 

0 0 0 37 . 5 0 0 0 0 0 
1 326 1 326 244 68 . 9  76 1 68 62 245 55 1  

1 46 5  1 465 243  76 . 6  56 1 87 9 1  366 702 " " " " " " " " " 

0 0 0 2 0 . 9  0 0 0 0 0 
1 1 0 1  1 1 0 1  2 3 7  58 . 7 98 1 40 4 1  1 65 444 
1 326 1 326 244 68 . 9  76 1 68 62 245 55 1  " " " " " " " " " 

1 465 1 465 243  76 . 6 56 1 87 9 1  366 702 

0 0 0 6 . 3 0 0 0 0 0 
655 655  232  37 . 5  1 4 5  87 1 5  6 3  3 1 1 

1 1 0 1  1 1 0 1  2 38 58 . 7  98 1 40 4 1  1 65 444 
" " " " " " " " " 

I 326 1 326 244 6 8 . 9  76 1 68 62 245 5 5 1  
1 465 1 465 243  76 . 6  56 1 87 9 1  366 702 



TABL E  1 1 -6 1  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver DEPTH ( FT .  ) : 9200 
TOTAL BAS I N  AREA ( S ECT I ONS ) : SUBBAS I N : Lew i n  2 & 3 PRESSURE (P S I A ) : 4780 
TYP E : Lent i cu l a r FORMAT I ON :  A l mond 8 TEMPERATURE ( ° F ) : 200 

NGL ( BB L/MMCF ) :  2 5 . 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I V E H/C GAS NET PAY GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
PERM . AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE OF  NATURE I S  PROD 
(MD )  ( SECT I ONS ) ____j_!) ( FT .  ) < BCF ) < BCF ) PRODUCT I VE I st W/C 2 n d  \tJ/C 

� 
� 
I 0 . 3 

co 
1 1  6 .6 8 42 0 1 3  3 1  0 . 35 1 . o 

0 

0 0 1 2 1  4 . 7 1 5  9 1  . 35  64 0 . 4 5  1 . o 

0 .03 43 4 0 1 30 383 . 56 2 59 0 . 55 1 . 0 

0 . 0 1  52 3 . 7 3 5  488 . 28 330 0 . 60 1 . o  

0 . 003 55 3 .4 38 5 1 5 . 35 322 0 . 7 5  1 . o 

0 . 00 1 27 3 . 2 40 250 . 56 1 50 0 . 80 1 . 0 

0 . 0003 1 8  3 0 1 4 1  1 6 5 . 96 9 1  0 . 85 1 . 0 

228 1 937 . 1 247 



TAB L E  1 1 -6 2  

w f L L  P R O D U C T I O �  S U M M A R Y - - B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R , L E W I N  2 A N D  3 ,  A L M O N D  B 

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L )  

K s 0 . 3 0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M O )  
Y E A R  

1 3 13 0  4 1 0  4 4 5 2 8 9 1 6 4  9 6  5 2  

f-' 2 7 1  1 2 5  2 0 0  1 4 8  8 5  4 9  2 7  

f-' 
I 

co 
f-' 5 8 2 4  7 0  7 0  4 8  2 8  1 5  

1 0  1 4 2 5  3 6  3 0  1 9  1 1  

1 5  0 1 1 3 2 2  2 1  1 5  8 

2 0 0 0 7 1 5  1 7  1 3  7 

3 0  0 0 3 7 1 1  1 0  5 

3 0 - Y E A R 
C lJ f'I M . 
P R O D . 5 1 Q  7 1 Q 1 3 1 0 1 2  5 9  9 6 0 6 2 0  3 4 9 

( f"• M C F ) 



TABL E  1 1 -63 

W E L L  P RO D U C T I ON S U M M A R Y -- A D V A N C E D  C A S E 

G R E � T E R  G R E E N  R I V E R , L E W I N 2 A N D  3 ,  A L M O N D  8 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1 C � O )  
Y E A R  

1 3 5 2 5 79  5 3 2  3 5 0 1 99 1 4 7  8 2  

2 1 5  2 4 0  2 5 9 1 7 8 1 0 3  6 5  3 5  
1-' 
1-' 

I 
00 

5 1 7 6  1 0 7  8 4  5 8  3 5  1 9  (\.) 

1 0  0 2 4  4 6 4 3  3 7  2 1  1 1  

1 5  0 9 2 6  2 6  2 5  1 3  9 

2 0  0 5 1 5  1 8  2 1  1 0 6 

3 0  0 0 1 9 1 4  6 4 

3 0- Y E A R  
C lJ M M . 
P R O D . 3 8 0  1 4 5 0  1 9 0 9  ( M M C F ) 1 5 3 0  1 1 5 9 6 9 0  4 1 0  



TABLE  l l -64  

PRODUCT I ON W E L L  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  2 & 3 
FORMAT I ON :  A l mond B 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS [ MAX=4 l ( BCF ) ALL GAS [ MAX= 1 2 l  ( BCF ) 

I-' 
. 3  5 . 97 4 2 1  8 . 1 5  8 . 1 5  3 1  I-' 

I 
co 
w • 1 4 . 38 4 59 2 .  1 7  2 .  1 7  64 

. 03 4 . 64 4 223 3. 1 8  3 .  1 8  259 

. 0 1  5 . 08 4 26 1 4 .  1 8  4 .  1 8  330 

. 003 6 . 24 4 206 5 . 1 7  5 .  1 7  322 

. 00 1  8 . 94 4 68 8 . 03 8 . 03 1 50 

. 0003 1 4 . 6 1  4 4 1  1 2 . 44 1 2 .  87  

880 1 24 3  



1-' 
1-' 

I 
00 
� 

TABLE 1 1 - 6 5  

I NVESTMENT AND OPERAT I NG EX�ENSES 

Geo l ogy a nd Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fractu re ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n  2 & 3 
FORMAT I ON :  A l mond  B 

Ad vanced Case [ 2000/4000 Ft . Fracture ] 

Sur face Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Revenue  

20 , 000 

7 70 , 000 

1 6 7 , 000 
332 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABL E  1 1 -66  

ECONOM I CS SUHHARY 

BAS I N  Green R i ver 
SUB BAS I N  Lew i n  Area 2 & 3 FORMAT I ON A l mond El TECHNOLOGY Base 

DATE Seetember 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T  K-LEVELS E & P GAS NET PRE S .  DCF RATE W\X. NO. W I LDCAT 

GAS PR ICE PROSP .  ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER. W\X RECOV.  PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . $/MCF _ %_ NO. VALUE * _$_M _ BCF $M % AT PR I CE,BCF G I P1BCF AT PR I CE _%_ Q.cy_ Prod . Q!:x_ Prod . Tota l 

D i scount Rate 1 0% 
2422 1 1 1  1 .  50 0 0 - 1 0 1 7  0 -587 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 1 1 . 3 I c 1 4 1 1  . 590 -352 0 0 0 0 0 0 0 0 0 0 
3 1  3 . 1 0 23. 3  2 co 1 6 7 6  1 . 053 -40 8. 7 0 0 0 0 0 0 0 0 0 
4 1  3 . 50 27 . 1  3 BCD 2 1 1 7 1 . 327 2 1 7  1 6 . 9 543 653 409 27 . 1 298 1 1 1  90 358 856 
5 1  5 . 00 46 . 6  5 Al:lCDE 3225 2. 493 1 402 4 1 . 9  770 1 006 309 46 . 7  1 6 5  1 44 1 38 549 995 
61 7 . 00 56 . 5  6 ABCDEF 3784 2 . 930 287 1  69 . 2 85e 1 1 56 286 56. 6  1 24 162 160 639 1 084 
7 1  9 .00 " " " " " 4255  1 00 . 4 " " " " " " " " " 

I-' 8 1  1 2 . 00 64 . 7  7 ABCDEFG 4 1 39 3 . 095  6480 1 4 0 . 8  879 1 24 7  284 64 . 8  1 00 184 1 7 9  7 1 6  1 1 7 9  

I-' 
I D i scount Rate 1 5% 

00 1 2  I .  50 0 0 - 1 0 1 7  0 -584 0 0 0 0 0 0 0 0 0 0 

U1 22 2 . 50 1 1 . 3  1 c 1 4 1 1  . 590 -400 0 0 0 0 0 0 0 0 0 0 
32 3. 1 0  23 . 3  2 CD 1 6 76 1 . 053 - 1 60 8. 7 0 0 0 0 0 0 0 0 0 
42 3 . 50 " " " " " -66 2 . 4  0 0 0 0 0 0 0 0 0 
52 5 . 00 46 . 6  5 ABCOE 3225 2. 493 959 4 1 . 9  7 7 0  1 006 309 4 6 . 6  1 65 1 44 1 37 549 995 
62 7 . 00 " " " " " 1 928 72 . 8 " " " " " " " " " 

72 9. 00 56 . 5  6 ABCOE F 3784 2 . 930 3 1 89 1()0.4  838 1 1 56 286 56 . 6  1 24 1 62 1 60 659 1 084 
82 1 2 . 00 " " " " " 4860 1 4 5 . 2  

D i scount Rate 20% 
1 3  1 . 50 0 0 - 1 0 1 7  0 -580 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 0 0 - " 0 " 0 0 0 0 0 0 0 0 0 0 
33 3. 1 0  1 1 . 3  1 c 1 4 1 1 . 590 -360 0 0 0 0 0 0 0 0 0 0 
43 3 . 50 " " " " " -3 1 0  2 . 9 0 0 0 0 0 0 0 0 0 
53 s . oo 28 . 6  4 Al:lCD 2235 1 . 398 393 37 . 9  564 684 403 28 . 5  288 1 1 5 1 00 402 906 
63 7 . 00 46.6  5 ABC DE 3225 2 . 493 1 4  7 1  7 2 . 8  7 70 1 006 309 46 . 6 1 6 5  1 4 4  1 3 7  549 995 
73 9 . 00 " " " " " 23 1 1  1 03 . 2  " " " " " " " " " 

83 1 2 . 00 56 . 5 6 Al:lCDEF 3784 2 . 930 3880 1 4 5 . 2  838 1 1 56 286 56 . 6  1 24 1 b2 1b0 639 1084 

*CODE : A B c D E F G 
0 . 3  0 .  I 0 . 03 0 . 0 1 0 . 003 0 . 00 1 0 . 0003 



TABLE  

BAS I N  Green R i ver 
SUB BAS I N  Lew i n  2 & 3 FORMAT I ON A l mond B 

AVERAGE PER PROSPECT 
PROF I T  K-LEVELS E & P GAS NET PRE S .  DCF RATE 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN 
CASE NO . $/MCF _% _ NO . VALUE * _$_M_. BCF $M % 

D i scount Rate 1 0% 
24222 1 1 1 . 50 0 0 - 1 207  0 -68 1 0 

2 1  2 . 50 1 5 . 1  2 8C 1 708 . 92 1  - 2 7 5  1 . 1  
3 1  3 . 1 0  27 . 1 3 BCD 20 1 1  1 .4 6 5  1 42 1 3 .8 
4 1  3 . 50 " " " " " 30 1 1 8 . 2  
5 1  5 .00 4 5 . 1 4 BCDE 3303 2 .956 1 6 59 40 . 7  
6 1  7 . 00 56 . 5 6 ABCDEF 5 1 1 4 3 .893 3 7 1 7  6 5 . 9  
7 1  9 .00 " " " " " 5527 98 . 0 
8 1  1 2 . 00 64 . 7  7 ABCDEFG 6602 4 . 386 8803 1 3 1 . 7  

....... 
D i scount Rate 1 5% 

1 2  1 . 50 0 0 - 1 207  0 -67 5  0 
....... 22 2 . 50 1 5 . 1 2 BC 1 708 . 92 1 -357 1 . 1  I CXl 32 3 . 1 0  27 . I  3 BCD 20 1 1 1 .4 6 5  -33 1 3 . 8  

0'\ 42 3 . 50 " " " " " 9 7  1 8 . 2  
52 5 . 00 4 5 . 1  4 BCDE 3303 2 .956 1 082 40 . 7  
62 7 .00 4 6 .6 5 ABC DE 367 1  3 .060 2250 7 0 . 5  
72 9 .00 56 . 5  6 ABCDEF 5 1 1 4  3 .893 407 5 98 . 0  
82 1 2 .00 " " " " " 6242 1 4 5 . 9  

D i scount Rate 20% 
1 3  1 . 50 0 0 - 1 20 7  0 -670 0 
23 2 . 50 1 1 .3 1 c 1 528 .683 -484 0 
33 3 . 1 0  1 5 . 1  2 BC 1 7 08 . 92 1 -302 6 .3 
43 3 . 50 27 . I  3 BCD 20 1 1  1 .465  -43 1 8 . 2  
53 5 . 00 " " " " " 370 3 5 . 0  
63 7 .00 4 5 . 1  4 BCDE 33803 2 .9 56 1 59 5  68 . 0  
7 3  9 . 0 0  56 . 5 6 ABCDEF 5 1 1 4  3 .893 3 1 29 98 . 0  
83 1 2 . 00 " " " " " 4928 1 4 5 . 9  

*CODE : A B c D E F G 
0 . 3  0 . 1 0 .03 0 . 0 1  0 .003 0 .00 1 0 . 0003 

1 1 -67  

BAS I N  TOTALS 
MAX . NO . 

GAS RECOVER . MAX RECOV . PROSP . 
AT PR I CE,BCF G I P1BCF AT PR I CE 

0 0 0 
0 0 0 

653 653 446 
" " " 

9 7 5  97 5 330 
1 1 56 1 1 56 29 7 

" " " 
1 24 3  1 24 7  283 

653 6 53 446 
9 7 5  9 7 5  330 

1 006 1 006 329 
1 1 56 1 1 56 297 

653 653 446 
9 7 5  9 7 5  330 

1 1 56 1 1 56 297 

TECHNOLOGY 
DATE 

W I LDCAT 

Advanced 
S eptember 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ � Prod . � Prod . 

0 0 0 0 0 
0 0 0 0 0 
0 325 1 2 1 62 248 

27 . 1  " " " " 
4 5 . 1 H l l  1 49 1 20 4 8 1  
56 . 5 1 29 1 68 202 8 1 0  

" " " " " 
64 . 7  1 00 1 83 267 1 068 

45 . 1  325 1 2 1  62 248 
4 6 . 6  1 8 1  1 49 1 20 4 8 1  
46 . 5  1 76 1 53 1 4 1  564 
56 . 5 1 29 1 68 202 8 1 0  

4 5 . 1 325 1 2 1  62 248 
46 . 6 1 8 1  149  1 20 48 1 
56 . 5 1 29 1 68 202 8 1 0  

..... 

Tota l 

0 
0 

7 5 6  
" 

93 1 
1 309 

" 
1 6 1 9 

7 56 
93 1 

1 034 
1 309 

7 56 
93 1 

1 309 



TOTAL BAS I N  AREA ( S ECT I ONS ) : 

1-' 

TYPE : Lent i c u l a r  

NGL ( BBL/MMCF ) :  25 . 

AVERAGE PRODUCT I VE 
PERfv1 . AREA 
(MD ) < S ECT I ONS ) 

� 0 . 03 80 
00 

-.J 0 . 0 1  263 

0 . 003 297 

0 . 00 1  1 94 

0 . 0003 1 26 

0 . 000 1 68 

0 . 00003 46 

0 . 0000 1 69 

1 1 42 

H/C GAS 
POROS I TY 

< % ) 

5 .9 

5 . 2  

4 . 5 

3 . 8 

3 .  1 

2 . 4  

1 . 8  

1 . 2 

NET PAY 
TH I CKNESS 

( FT . )  

2 5  

3 5  

50 

70 

1 00 

1 50 

200 

280 

TAB L E  l l - 68 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  G reater Green R i ver  
SUBBAS I N : Lew i n  2 & 3 
FORMAT I ON :  E r i cson , Roc k S p rgs . , B i a i r 

DEPTH ( FT . ) :  1 0700 
PRESSURE ( PS I A ) : 5560 
T�MPERATURE ( ° F ) : 220 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I V EN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) ( BCF ) PROOUCT I VE 1 st W/C 2nd  W/C 

906 . 4 682 0 . 30 1 . o  

3676 . 74 2604 0 . 4 5  1 . 0 

5 1 32 . 1 6  34 1 4  0 . 60 1 . o 

3963 . 42 2464 0 . 70 1 . o  

3000 . 06 1 72 1  0 . 80 1 . 0 

1 880 . 2 1 0 1 4  0 . 90 1 . 0 

1 27 1  . 9 6 1 3  0 . 95 1 . o 

1 780 . 2 789 0 . 9 5  1 . o 

2 1 6 1 2 . 1 330 1 



TABLE 1 1 - 6 9  

W f l l  P R OD U C T I O N S U M M A R Y- - B A S E  C A S E 

G R F A T E R  G R f f. N  R I V E R ,  L E W I N  2 A N D  3 ,  E R I C K S ON- RO C K S P R G S- B L A I R  

G A S  P R O D U C T I C N  ( M M C F / Y E A R / W E L L ) 

I( a 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 4 q 5 3 5 4  2 5 6  1 8 8  1 3 1  9 9  6 2  4 2  

2 2 3 0 1 8 1  1 3 2  9 8  70  5 2  3 2  2 1  
I-' 

I-' 

I 
00 5 8 E  9 4  7 5  5 6  3 9  3 1  1 9  1 2  00 

1 0  3 5  5 0  4 7  3 8  2 7  2 0  1 3  7 

1 5  1 P  3 2  3 7  3 0  2 2  1 6  1 0  7 

2 0  1 0  2 4  2 9  2 6  1 8  1 4  q 6 

3 0  4 1 3  2 0  2 0  1 5  1 2  6 5 

3 0 - Y E /I R 
C U l"· l" .  
P R C D . 1 5  79 1 7 0 0  1 5 3 9 1 2 2 9  8 9 0  6 7 0  4 1 9 2 7 9  

( f"· '"' C  F )  



TABL E  l l -70 

W E L L  P R O D U C T I O� S U M M A R Y--A D V A N C E D  C A S E  

G R E A T E R  G R E E N  � I V E R , L E W I N  2 A N D  3 ,  E R I C K S ON - R O C K S P R G S - B L A I R  

G A S  P R O D UC T I G �  ( M M C F / Y E A R / W E L L )  

K • 0 , 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  o . o o 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 5 6 B  4 3 7  3 1 9 2 7 3 2 1 7  1 6 7  1 0 3  69  

2 2 2 1  2 0 9  1 6 2  1 2 7 9 4  7 3  4 5  3 0  
1-' 
1-' 
I 

00 5 64  9 0  8 7  70  5 2  4 1  2 5  1 7  "' 

1 0  2 0  3 9  4 9  4 3  3 1  2 7  1 6  1 2  

1 5  1 0  2 2  3 4  2 8  2 3  2 2  1 4  1 0  

2 0  5 1 4  2 6  2 2  1 7  1 6  1 2  9 

3 0  2 7 1 5 1 5  1 1  1 3  9 6 

3 0- Y E A R  
C LJ � � . 
P R O D . 1 3 6 9  1 5 9 0 1 6 3 0  1 3 8 0  1 0 60  9 1 0  5 8 9  4 00 

( fw! M C F ) 



TABLE  l l - 7 1  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  2 & 3 
FORMAT I ON :  E r i cson , Rock S prg s . , B i a i r  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 C BCF ) ALL GAS [ MAX= I 2 1  C BCF ) 

. 03 5 . 434 4 505 6 . 26 7  6 . 267  682 
I-' I-' 

• 0 1  5 . 8 59 4 1 77 1  6 . 264 6 . 264 2604 I 
1.0 
0 

. 003 7 . 505  4 1 809 7 . 086 7 . 086 34 1 4  

. 00 1  1 0 . 366 4 96 1 9 . 232 9 . 232 2464 

. 0003 1 5 . 494 4 447 1 3 . 00 1 2  1 5 83 

. 000 1 22 . 060 4 1 82 1 6 . 242 1 2  7 50 

. 00003 32 . 339 4 80 23 . 00 1 2  3 1 9  

. 0000 1 4 1  . 2 1 9  4 79  28 . 75 1 2  33 1 

5834 1 2 1 4 7  



I-' 
I-' 

I 
1.0 

I-' 

TABL E  1 1 -7 2  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a nd Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fractu r e ]  

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Lew i n  2 & 3 
FORMAT I ON :  Er i cson , Rock Sprgs . , B i a i r  

Ad va nced Case 1 2000/4000 Ft . Fracture ]  

S ur f ace Eq u i pment ( $/We I I )  

An n ua l Operat i ng E x pense ( $/We i I )  

Compres sor Fue l Cost ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

2 0 , 000 

1 , 080 , 000 

1 76 , 000 - 993 , 000 
350 , 000 - 1 , 823 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TJl.RL E  1 1 - 73 

ECONOM I CS SUMMARY 
BAS I N  Green R i ver fECHNOLOGY 651�� 
SUB BAS I N  L.a.. ..... � n. ArP.2C. ? ;_ ':1. FORMAT I ON E r icson, Rock S2r i ngs, B l a i r  DATE June 1980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF IT . K -LEVELS E & p GAS NET PRES . DCF RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM INVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO .  VHCF ____!__ NO. VALUE * ...lli_ ..liE_ �M :& AT PR I CE,BCF G I P,BCF AT PR I CE '& Q!!1. PROD . DRY PROD . TOTAL 

D i scoun t Rate 1 0%  
082 3 1  I I  l .  50 0 0 1 759 0 - 1 006 0 

2 1  2 . 50 2 . 0  I c 1 924 0 -944 0 
3 1  3 .  1 0  1 2 . 4  2 CD 3 5 3 1  0 - 329 6 . I 
4 1  3 . 50 26 . 9 3 CDE 6 3 3 7  5 . 702 593 1 4 . 3 4085 6700 642 26 . 9 469 1 71 454 I B I S  29 1 1  
5 1  5 . 00 39 . 6 4 CDEF 8352 7 . 6 1 6  266 1 26 . 5 5046 9 1 64 66� 39 . 6  400 263  658 2633  3954 
6 1  7 . DO " " " " " 5208 43 . 3 " " " " " " " " " 
7 1  9 . 00 48 . 5 5 CDEFG 957 1  8 . 387 8 2 5 1  59 . 6 5493 1 0885 655 48 . 5  338 3 1 7  7 5 1  3001 4407 
8 1  1 2 . 00 " " " " " 1 2400 84 . 9 " " " " " " " " " 

D i scount  Rate 1�� 
1-' 1 2  l .  50 0 0 - 1 759 0 - 1 009 0 
1-' 2 2  2 . 50 0 0 1 759 0 - 1 009 0 
I 3 2  3 . 1 0  2 . 0 I c 1 924  0 -9 36 0 

1..0 42 3 . 50 1 2 . 4 2 CD 3 5 3 1  0 -435  0 
N 5 2  5 . 00 26 . 9  3 CDE 6337  5 .  702 I 043 25 . 7 4085 6700 642 26 . 9  469 1 71 454 1 8 1 5  2 9 1 1 

62  7 . 00 39 . 6  4 CDEF 8352 7 . 6 1 6  3 1 85 43 . 3 5046 9 1 64 663  �9 . 6  400 263  658  263
,
� 39

,
�4 

72 9 . 00 " " " " " 504 1 60 . I " " " " " " " 
8 2  1 2 . 00 48 . 5 5 CDEFG 957 1  8 . 387 8338  84 . 9 5493 1 0885 655 48 . 5  338 3 1 7  7 5 1  �001 4407 

D i scount  Rate 2�4 
l 3  l .  so 0 0 - 1 759 0 - 1 0 1 0  0 
23  2 . 50 0 0 - 1 759 0 - 1 0 1 0  0 
3 3  3 .  1 0  0 0 1 759 0 - 1 0 1 0  0 
43 3 . 50 2 . 0  I c 1 924 0 -937  0 505 682 
53 5 . 00 2 . 0  3 CDE 6337  5 .  702 432 25 . 7 4085 6700 6�2 26 . 9  469 1 73 454 1 8 1 5  29 1 1 
63  7 . 00 " " " " " 1 585 4 1 . 0  " " " " " " " " " 
73 9 . 00 39 . 6 4 CDEF 8352 7 . 6 1 6  3458 60 . I 5046 9 1 64 663 39 . 6  400 263 658 2633  3954 
83 1 2 . 00 48 . 5 5 CDEFG 957 1  8 . 387 5965 84 . 9  5493 1 0885 655 48 . 5  338  3 1 7  750 300) 4407 

* COD E :  C D  E F G H I  J 
0 . 03  0 . 0 1  0 . 003 · 0 . 001  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1  



TABL E  1 1 - 74 

ECONOM I CS SUMMARY 
BAS I N  Green R i ver TECHNOLOGY Advanced 

SUB BAS I N  1 Ploli.n 2 & 3 FORMAT I ON E r i cson, Rock Ser i ng,  B l a i r  DATE J une .J..2!!Q 
AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 

PROF I T . K-LEVELS E & p GAS NET PRES .  D C F  RATE MAX NO. W I LDCAT 
GAS PR I CE PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 

CASE NO . �/MCF __ %_ NO .  VALUE * _w__ __lli_ �M :& AT PR I CE,BCF G I P  BCF  AT PR I CE '& DRY PROD . DRY PROD . � 
D i scount  Ra te 1 0%  
08232 1 1  1 .  50 0 0 - 2 1 1 2  0 - 1 206 0 

2 1  2 . 50 0 0 2 1 1 2  0 - 1 206 0 
3 1  3 . 1 0  1 2 . 4 2 c o  5 1 30 0 - 3 34 6 . 5  
4 1  3 . 50 26 . 9 3 CDE 1 0 1 94 8 . 293 1 228 1 7 . 0  6700 6700 808 26 . 9  59 1  2 1 7  890 3884 5256 
5 1  5 . 00 39 . 6 4 CDEF 1 5270 1 2 . 325 5096 32 . 9  9 1 64 9 1 64 743 39 . 6  449 294 1 269 5076 7088 
6 1  7 . 00 " " " " " 97 1 5 56 . I " " " " " " " " " 

7 1  9 . 00 48 . 5 5 CDEFG 20777 1 4 . 903 1 62 78 75 . 6  1 0747 1 0885 72 1 48 . 5  372 350 1 6 1 0  8442 8773 
8 1  1 2 . 00 " " " " " 24573 1 1 2 . 7  " " " " " " 

1-' D i scoun t Rate l�k 
1-' 1 2  1 .  50 0 0 2 1 1 2  0 - 1 204 0 

I 22 2 . 5D 0 0 - 2 1 1 2  0 - 1 204 0 
1..0 32 3 . 1 0  0 0 - 2 1 1 2  0 - 1 204 0 

w 42 3 . 50 1 2 . 4  2 CD 5 1 30 0 -42 1  9 . 4 -

52 5 . 00 26 . 9 3 CDE 1 0 1 9  8 . 293 2 1 1 2  32 . 0  6700 6700 808 26 . 9  591  2 1 7  890 3884 5256 
62 7 . 00 39 . 6 4 CDEF 1 52 7  1 2 . 325 63 1 5  56 . I 9 1 64 9 1 64 743 39 . 6  449 294 1 269 5076 7088 
72 9 . 00 " " " " .. 9742 79 . 7  " " " " " " " " " 

82 1 2 . 00 48 . 5  5 CDEFG 2077 1 4 . 903 1 702 1 1 1 2 . 7  1 0747 1 0747 72 1 48 . 5  372 350 1 6 1 0  6442 8773 

D i scount Rate 2�k 
1 3  1 .  50 0 0 - 2 1 1 2  0 - 1 20 1  0 
23 2 . 50 0 0 - 2 1 1 2  0 - 1 20 1  0 
3 3  3 .  1 0  0 0 - 2 1 1 2  0 - 1 20 1  0 
43 3 . 50 0 0 2 1 1 2  0 - 1 20 1  0 
5 3  5 . 00 26 . 9  3 CDE 1 0 1 94 8 . 293 1 1 66 32 . 0 6700 67CO 808 26 . 9  591  2 1 7  390 3884 5256 
6 3  7 . 00 39 . 6  4 CDEF 1 52 70 1 2 . 325 4288 56 . I 9 1 64 9 1 64 743 39 . 6  449 294 1 269 5076 7088 
73 9 . 00 " " " " " 6973 79 . 7 " " " " " " " " " 

83 1 2 . 00 48 . 5  5 CDEFG 20777 1 4 . 903 1 2475 1 1 2 . 7 1 0747 1 0747 72 1 48 . 5  372 350 1 6 1 0  6442 8773 

* CODE : C D  E F G H I  J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1 



TOTAL BAS I N  AREA ( SECT I ONS ) : 

I-' 

I-' 
I 

TYPE : Lent i cu l a r  

NGL ( BBL/MMCF ) :  25 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD ) ( SECT I ONS ) 

\.0 .1::> 0 .  1 2 

0 . 03 1 2  

0 . 0 1  33 

0 . 003 48 

0 . 00 1 33 

0 . 0003 1 4  --

1 42 

H/C GAS 
POROS I TY 

_j1) 
6 . 7 

5 . 9  

5 . 2 

4 . 4 

3 .8 

3 .  1 

NET PAY 
TH I CKNE SS 

( FT . ) 

7 

1 4  

25  

48 

70 

88 

TABL E  l l - 7 5  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Lew i n  2 & 3 
FORMAT I ON :  Ft . U n i on 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

< BC F )  ( BC F )  

6 .  1 8  5 

6 5 . 28 47 

282 . 8 1 205 

667 . 2 4 54 

578 . 1 6 367 

2 5 1 . 7 2  1 48 

1 8 5 1 . 1 226 

DEPTH ( FT . ) :  8000 
PRESSURE ( PS I A ) :  3840 
TEMPERATURE ( ° F ) :  1 7  5 

FOR EACH DR I L L I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE I st  W/C 2nd  W/C 

0 . 20 1 . 0 

0 . 3 5  1 . 0 

0 . 4 5  1 . o  

0 . 6 5  1 . o  

0 . 7 5  1 . o  

0 . 80  1 . 0 



TABL E  l l - 76  
w E L L P R O D U C T I ON S U M M A R Y-- B A S E  C A S E 

G R E A T E R  G R E E N R I V E R ,  L E W I N  2 A N D  3 ,  F O R T  U N I O N 

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L )  

0 . 0 0 1  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 0 3  K • 0 . 3  
Y l  A R  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

1 z 0 9  2 1 6 2 1 0 1 8 8  1 4 5  8 9  

2 8 2  l O t 1 0 8 9 7  7 6  4 7  
I-' 
I-' 
I 

I.D 5 2 3  4 7  
Ul 

5 6  5 6  4 3  2 7  

1 0  7 2 1  3 3  3 7 3 0  1 8  

1 5 3 1 2  2 2  2 8  2 4  1 5  

2 0  1 7 1 7  2 4  2 0  1 3  

3 0  0 3 1 0  1 7  1 6  1 0  

3 0 - Y F: A R 
C l.J /'I M . 
P R C; D .  5 0 0 8 2 9 1 1 0 0  1 1 8 9 9 6 9 6 0 0  

( M M C F ) 



TABL E  l l - 77  

W f l l  P R OD U C T I O� S U M M A R Y- -A D V A NC E D  C A S E  

GR E A T E R  G R E E N  R i v E R , L E W I N  2 A N D  3 ,  F O R T U N I O N  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( �D )  
y F. .A R 

1 2 4 9  2 5 3  2 5 4 2 4 2 2 1 1  1 4 8  

2 1 1 2  1 2 9  1 3 0 1 2 2  9 8  6 4  
� 
� 
I 

1.0 
0"\ 5 4 1  6 4  6 8  6 7  5 5  3 6  

1 0 1 5  3 3  3 9  4 0 3 3  2 3  

1 5  7 2 1  2 7  2 9  2 6  1 7  

2 0  4 1 3 2 0  2 3  2 0  1 4  

3 0  1 7 1 2  1 5  1 5 ·9 

3 0 - Y F A R  
C L: M M . 
P f< O D .  7 3 9 1 1 5 9  1 3 2 0  1 3 2 9  1 1 4 9 7 6 9  ( M M C F ) 



TABL E  l l - 78 

PRODUCT I ON WE LL RE�EMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  2 & 3 
FORMAT I ON :  Ft . Un i on 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON 'f/EL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUAL LY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS [ MAX=4 l ( BCF ) ALL GAS l MAX= I 2 l  ( BCF ) 

I-' 
I-' 

• 1 4 . 76 4 4 3 . 22 3 . 22  5 I 
1.0 
-...I 

. 03 4 . 75 4 39 3 . 40 3 . 40 4 7  

. 0 1  5 . 64 4 1 46 4 . 697 4 . 697 205 

. 003 7 . 96 4 227 7 .  1 1 8 7 .  1 1 8 4 54 

. 00 1  1 1 . 78 4 1 28 9 . 678 9 . 678  367 

. 0003 1 7 . 65 4 34 1 3 . 77 1 2 . 1 29 

578  1 20 7  



I-' 
I-' 
I 

1.0 
co 

TABLE 1 1 - 79  
I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l og y  a nd Geop h y s i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cos t ( $/We i I )  

Base Case I 1 000 Ft . Fract u r e ) 

BAS I N : G r eater Green R i ver 
SUB-BAS I N : L ew i n  2 & 3 
FORMAT I ON :  Ft . Un i on 

Ad va n c ed Case 1 2000/4000 Ft . Fract u re ) 

S u r f ace Eq u i pment ( $/We l l )  

An n ua l Operat i ng E x pense ( $/We i I )  

Compressor F ue l Cost , Rat i o  o f  Cost to 

W . l .  Gas Revenue 

2 0 , 000  

588 , 000 

1 59 , 300 - 360 , 490 
3 1 7 , 000 - 726 , 000 

4 5 , 000 

1 0 , 000  

0 . 0303 



1-' 
1-' 
I 

\0 
\0 

BAS I N  Greater G reen R i ve r  

SUB BAS I N  Lew i n  Area 2 & 3 

PROF I T . 
GAS PR I C E  PROSP . 

CASE NO . VMCF __ %_ 

D i scou n t  Rate l �k 
0824 1 1 1  I .  50 0 

2 1  2 . 50  " 
3 1  3 . 1 0  33 . 3  
4 1  3 . 50  " 
5 1  5 . 00 5 1 . 8  
6 1  7 . 00 " 
7 1  9 . 00 6 1 . 0  
8 1  1 2 . 00 " 

D i scoun t Ra te I� 
1 2  I .  50 0 
22 2 . 50 
32 3 . 1 0  
42 3 . 50  3 1 . 6  
5 2  5 . 00 5 1 . 8  
6 2  7 . 00 " 
7 2  9 . 00 6 1 . 0  
82 1 2 . 00 " 

D i scou n t  Rate 2�h 
1 3  I .  50 0 
23 2 . 50 
3 3  3 . 1 0  
43 3 . 50 
53  5 . 00 33 . 3 
6 3  7 . 00 5 1 . 8  
73 9 . 00 " 
83 1 2 . 00 6 1 . 0  

* COD E :  B C 0 

K -LEVELS 
ON STREAM 
NO . VALUE * 

0 " 
3 " 
4 " 
6 " 

0 

2 
4 " 
6 " 

0 

3 
4 " 
6 

0 " 
COE " 
COEF " 
BCDEFG " 

0 

c o  
CDEF " 
BCDEFG " 

0 

CDE 
CDEF " 
BCDEFG 

E F 

FORMAT I ON F t .  Un i on 

AVERAGE PER PROSPECT 
E & p GAS NET PRES . 
I NVEST . PROD . VALUE 
_1!1_ � ��-� 

876 0 -496 " " " 
1 8 1 4  1 . 700 1 8  " " 1 45 
2 1 05 2 . 234 908 " " 1 7 1 5  
2235 2 . 384 2675 " " 3958 

876 0 -493 

1 742 1 . 62 1  -82 
2 1 05 2 . 234 500 " " 1 1 07 
2235 2 . 384 1 82 1  " " 2787 

876 0 -489 

1 8 1 4  1 .  700 1 08 
2 1 05 2 . 234 739 " " 1 223 
2235 2 . 384 2072 

0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  
G 
0 . 0003 

TABL E  l l -80 

ECONOM I CS SUMMARY 
TECHNOLOGY fhi:Z� 
DATE June 1 980 

BAS I N  TOTA LS WELLS 
OCF RATE MAX NO . W I  LOCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI LOCAT DEVELOPMENT 
% AT PR I CE18CF G I P  BCF AT PR I CE % Q.[!. PROD . DRY PROD . TOTAL 

0 0 0 0 0 0 0 0 0 0 " " " " " " " " " " 
1 0 . 4  4 1 2  706 242 33 . 3 1 62 80 6 1  228 528 
1 3 . 2  " " " " " " " " " 
29 . 3 540 1 073 242 5 1 . 8  1 1 6 1 25 73 290 604 
46 . 9 " " " " " " " " " 
66 . I 578 1 226 " 6 1 . 0  95 1 48 79 3 1 6  637  
9 1 . 1  

0 0 0 0 0 0 0 0 0 0 

1 2 . 5  " " " 3 1 . 6  
29. 3 540 1 073 242 5 1 . 8  1 1 6 1 25 73 290 604 
46 . 9  " " " " " " " " " 
66 . 1  578 1 226 " 6 1 . 0  95 1 48 79 3 1 6  637 
9 1 . 1  

0 0 0 0 0 0 0 0 0 0 

24 . I 4 1 2  706 242 33 . 3  1 62 80 6 1  228 528 
46 . 9  540 1 073 242 5 1 . 8 1 1 6 1 25 73 290 604 
6 3 . 8  " " " " " " " " " 
9 1 . 1  578 1 226 " 6 1 . 0  95 1 48 79 3 1 6  637 



TABL E  l l -8 1  

Greater G reen R i ver ECONOM I CS SUMMARY 
BAS I N  TECHNOLOGY Advanced 

SUB BAS I N  Lewin Area 2 & � FORMAT I ON Et.!Joioo DATE Juoll 196Q 
AVERAGE PER PROSPECT BAS I N  TOTALS WE LLS 

PROF I T .  K-LEVELS E & p GAS NET PRES . OCF  RATE MAX NO.  W I  LOCAT 
GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV , PROSP ,  SUCCESS WI LOCAT DEVELOPMENT 

CASE N O . VMCF __ % __ NO . VALUE * ...it!._ _lli_ �M :& AT PR I C E,BCF G I P,BCF AT PR I C E  '& !!BY. PROD . DRY � TOTAL 

D i scount  Ra te  l�k 
08242 I I  1 .  so 0 0 0 I 079 0 -6 1 1 0 0 0 0 0 [) 0 0 0 0 

2 1  2 . 50 0 0 0 . .  0 . .  0 0 0 0 0 0 0 0 0 0 
3 1  3 . 1 0  3 3 . 3 3 C OE 2532 2 . 400 1 26 1 2 .  1 706 706 294 33 . 3  1 97 98 90 360 744 
4 1  3 . 50 . .  . .  . .  . .  . .  3 1 1 1 5 . 4  . .  . .  . .  . .  . .  . .  . .  . .  
5 1  5 . 00 5 1 . 8  5 BCDEF 37 1 0 3 . 802 1 709 34 . 5  1 078 1 078 284 5 1 . 8 1 37 1 4 7  1 46 582 1 1 0 1  
6 1  7 . 00 . .  . .  . .  . .  . .  3 1 29 56 . 0  . .  . .  . .  . .  . .  . .  . .  . .  " 
7 1  9 . 00 6 1 . 0  6 BCOEFG 4732 4 . 434 5 1 24 7 7 . 4  1 207 1 226 273 6 1 . 0  1 06 1 66 1 8 1  723 1 1 76 
8 1  1 2 . 00 . .  . .  . .  . .  " 7602 1 09 . 0  " 

1-' D i scoun t  Rate l�k 
1-' 1 2  1 .  so 0 0 0 1 079 0 -605 0 0 0 0 0 0 0 0 0 0 
I 22 2 . 50 1-' 3 2  3 . 1 0  

0 42 3 . 50 33 . 3  3 C OE 2532 2 . 400 1 7  1 5 . 4  706 706 294 33 . 3  1 97 98 90 360 744 0 5 2  5 . 00 5 1 . 8  5 BCDEF 3 7 1 0  3 . 802 1 004 34 . 5  1 078 1 078 284 5 1 . 8  1 37 1 47 1 46 582 1 1 0 1  
62 7 . 00 . .  . .  . .  . .  . .  2073 56 . .  . .  . .  " . .  . .  . .  . .  . .  
7 2  9 . 00 6 1  . 0  6 BCOEFG 4732 4 . 434 35 1 5  77 . 4  1 207 1 226 273 6 1 . 0  1 06 1 66 1 8 1  723 1 1 76 
82 1 2 . 00 . . . .  . .  . .  . .  5378 1 09 . 0 

D i scount  Ra te 2�k 
1 3  1 .  so 0 0 0 1 079 0 -599 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 
3 3  3 . 1 0  
43 3 . 50 
53 5 . 00 3 3 . 5  4 BCOE 2544 2 . 408 266 27 . 9 7 1 1 7 1 1 295 33 . 5  1 97 99 9 1  364 750 
6 3  7 . 00 5 1 . 8  5 BCOEF 3 7 1 0  3 . 802 1 432 56 . 0  1 078 1 078 284 5 1 . 8  1 37 1 4 7  1 46 582 1 1 0 1  
73  9 . 00 . .  . .  . .  . .  . .  2279 76 . 6  . .  . .  . .  . .  . .  . .  . .  . .  . .  
83  1 2 . 00 6 1  . o  6 BCDEFG 4 732 4 . 434 40 1 3  1 09 . 0 1 207 1 226 273 6 1 . 0  I 06 1 66 1 8 1  723 1 1 76 

* CODE : B C D E F G 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 0003 



TOTAL BAS I N  AREA ( SECT I ONS ) :  
TYPE : B l a n ket + Lent i c u l a r 

NGL ( BBL/MMC F ) : 25 . 

AVERAGE 
PERM .  
( MD )  

PRODUCT I V E 
AREA 

( SECT I ONS ) 

H/C GAS 
POROS I TY 

( % ) 

I-' 0 . 3  9 * 
I-' I 6 0 . 1 1 7  
I-' 

0 . 03 36 

0 . 0 1  43 

0 . 003 4 5  

0 . 0 0 1  22  

0 . 0003 1 5  

1 87 

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE  l l -82 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Lew i n  Areas 2 & 3 
FORMAT I ON :  A l mond  A +  A l mond  B 

EST I MATED 
GAS I N  PLACE AT 
RESERVO I R  COND . 

( BCF ) 

78 . 82 

1 5 7 . 0 1  

503 . 53 

628 . 85 

680 . 20 

335 . 7 5  

233 . 44 

26 1 8 . 

MAX . 
RECOVERABLE 

GAS 
( BCF ) 

58 

1 1 0 

340 

425 

425 

20 1 

1 28 

1 687 

* Ref er to i nd i v i d ua l f ormat i ons  for these data . 

DEPTH ( FT . ) :  9200 
PRESSURE (P S I A ) : 4780 
TEMPERATURE ( ° F ) : 200  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

* * * 



TABLE  1 1 -83 

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

G R E A T E R G R E E N R I V E R , L E W I N  2 A N D  3 ,  A L M O N D  A + A L M O N D  B 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / � E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 5 5 7  5 8 6  6 2 2 4 6 6 3 4 1  2 7 2 2 2 8  

2 1 8 4  2 3 8 3 1 3  2 6 0 1 9 8  1 6 2  1 4 0 
,__. 

,__. 
I 

,__. 
5 8 0  9 7  1 4 2  1 4 2 1 2 0 1 0 1  8 8  0 

N 

1 0  5 1 5 4  7 6  8 6  8 1 7 0  6 1  

1 5 4 0  4 1  5 2 6 1  6 1  5 5  4 8  

2 0  3 3  3 3  4 0  4 8  5 0  4 6  4 0  

3 0  2 5 2 5  2 8  3 3  3 7  3 5  3 1  

3 0 - Y E A R  
c u r. M . 
P R O D . 2 0 1 9  ( M M C F ) 2 2 1 9 2 8 1 0 2 7 6 0 2 4 5 9 2 1 2 0  1 8 5 0 



TABLE  1 1 -84 

W E L L  P R OD U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R G R E E N  R I V E R , L E W I N 2 A N D  3 ,  A L H O N D  A + A L M OND B 

G A S  P R O D U C T I O N  ( H H C F / Y E A R / W E L L )  

K .. 0 . 3 0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 C H D )  
Y E A R  

1 7 8 3  1 0 1 0  9 6 3 7 8 1 6 2 9  5 7 8 5 1 2 

I-' 2 2 8 7  5 1 2 5 3 0 4 5 0 3 7 4 3 3 7  3 0 6  
I-' 
I 

I-' 
0 

5 1 7 2 2 4 7  2 7 8 2 5 6 2 2 9  2 0 7  1 9 1 w 

1 0  1 1 9 1 4 3  1 6 6  1 6 2  1 5 6  1 4 0 1 3 0 

1 5  9 3 1 0 3  1 2 0  1 1 9 1 1 9  1 0 7  1 0 2  

2 0  1 7  8 2  9 3  9 5  9 8  8 8  8 4  

3 0  5 7  5 8  6 5  6 7  7 2  6 4  6 2  

3 0 - Y E A R 
C U M M . 
P R OD . 

t M I1 C F ) 
3 9 3 0  5 0 0 0  5 4 6 0 5 0 6 9  4 6 9 9  4 2 2 9 3 9 5 9  



TA8LE l l - 85  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Areas 2 & 3 
FORMAT I ON :  A l mond  A +  A l mond B 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PE�\11 . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS RE()D . TO PRODUCE ACTUALLY USED ACTUAL vJE L  LS 
( MD )  ALL GAS [ fv1AX=4 l ( BCF ) ALL GAS [ MAX= 1 2 l  WCF ) 

I-' 0 . 3  3 . 0 7 3 . 07 58 1 .  58  1 .  58  58 
I-' 

I 6 0 . 1 2 . 94 2 . 94 1 1 0 1 . 3 1  1 . 3 1  1 1 0 
J::> 

0 . 03 3 . 40 3 . 40 340 1 . 7 5  1 .  7 5  340 

0 . 0 1  3 . 57 3 . 57 425 1 .  95 1 .  95  4 2 5  

0 . 003 3 . 8 5  3 . 8 5 425 2 . 0 1  2 . 0 1 425 

0 . 00 1 4 . 22 4 . 0  1 9 1 2 . 1 2  2 . 1 2  20 1 

0 . 0003 4 . 62 4 . 0  1 1 1  2 . 1 6  2 .  1 6  1 28 

1 659 1 687 



I-' 
I-' 
I 

I-' 
0 
V1 

TABLE 1 1 -86 

I NV E STMENT AND OPERAT I NG EXPEN S E S  

Geo l ogy a n d  Geop h ys i cs ( $/Pr os pect ) 

D r  i I I i ng Cost ( $/We I I )  

F r a ct u r e  Cost ( $/We i I )  

Base Case [ 1 000 Ft . F r a ct u r e ) 

BAS I N : Greater G reen R i ver 
SUB-BA S I N : Lew i n  Area s 2 & 3 
FORMAT I ON :  A l mond A +  A l mo n d  B 

Ad v a n c ed C a s e  [ 2000/4000 Ft . F r a ct u re ) 

S u r f a ce Eq u i pment ( $/We I I ) 

An n ua l Operat i ng E x p e n se ( $/We i I )  

Com p r es so r  F u e l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Reven u e  

20 , 000 

7 70 1 4 1 1 

27 0 , 1 1 2 
642 , 4 36 

4 5 , 000 

1 0 , 000 

0 . 0303 



TABLE  1 1 - 87 

ECONOM I CS SUMMARY 
BAS I N  Green R i ver 
SUB BAS I N  Lew i n  Area 2 & 3 FORMAT I ON A l mond A + B 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T  K-LEVELS E & P GAS NET PRES . OCF RATE 

GAS PR I CE PROSP . ON STKEAM I NVEST. PROD. VALUE OF RETURN GAS RECOVER. MAX RECOV . 
CASE NO. S/K:F _L_ NO. VALUE * _S_M_ BCF SM % AT PR I CE,BCF G I P,BCF 

D i scount Rate 1 0� 
2425 1 1 1  1 . 50 1 1 . 3  I c 2250 2 . 40 7  -289 4 . 2  0 0 

2 1  2 . 50 56 . 5  6 ABClJEF 5581  9 . 5 79 2478 34 . 1  1 549 1 559 
3 1  3 . 1 0  64 . 7  7 AtlCDEFG 5968 1 0 . 440 3995 48 . 2  1 660 1 687 
4 1  .l . 50 " " " " " 4902 5!! . 2 
5 1  5 .00 " " " " " 8305 96 . 9 
6 1  7 . 00 " " " " " 1 284 1 1 4 7 . 4  
7 1  9 . 00 " " " " " 1 7378 1 94 . 2  
8 1  1 2 .00 " " " " " 24 1 82 2 56 . 5  

1-' 
1-' D i scount Rate 1 5% I 
1-' 1 2  1 . 50 0 0 - 0 0 -683 0 0 0 
0 22 2 . 50 4 6 . 6  5 ABC DE 4949 6 .204 1 30 1  33 . 8  1 349 1 349 
0'1 32 3 . 1 0  56 . 5  6 A8CUEF 55!!1  9 . 579 24 58 48 . 3  1 549 1 559 

42 3 . 50 64 . 7  7 ABCUEFG 5968 1 0 . 440 .l305 58 . 2  1 660 1 687  
52  5 . 00 " " " " " 5922 96 . 9  
62 7 . 00 " " " " " 94 1 2  1 47 . 4  
72 9 . 00 " " " " " · 1 2902 1 94 . 2  
82 1 2 . 00 " " " " " 1 8 1 36 256. 5 

D i scount Rate 20% 
1 3  1 . 50 0 0 - 0 0 -681  0 0 0 
23 2 . 50 27 . 1 4 ABCD 3264 4 . 672 346 28.6 9 3 3  933 
33 3. 1 0 46 . 6  5 ABCOE 4949 8 . 204 1 463 4 7 . 6  1 349 1 349 
43 3 . 50 56 . 5 6 ABCUEF 558 1 9 . 5 7 9  2 1 84 58 . 2  1 549 1 559 
5 3  5 .00 64 . 7  7 AtlCDEFG 5968 1 0 .440 4428 96 . 9  1 660 1 687  
63 7 . 00 " " " " " 7246 1 4 7 . 4  
73 9.00 " " " " " 1 0065 1 94 .  
83 1 2 . 00 " " " " " 1 4292 256 . 5  

*COUE : A B c D E F G 
0 . 3  o .  1 O . O .l  0 .0 1  0 .003 0 .00 1 0 . 0003 

MAX. NO. 
PROSP . 

AT PR I CE 

0 
162  
1 59 

0 
1 6 4  
1 62 
1 59 

0 
200 
1 64 
162 
1 59 

TECHNOLOOY 
lJATE 

W I LDCAT 

Base 
September 1 9BO 

WELLS 

SUCCESS W I LDCAT DEVEL<RMENT 
_L_ �  Prod . Q.c.y_ Prod. 

0 0 0 0 0 
56 . 5  70 9 1  1 3 1  522 
64 . 8  56 1 03 1 40 5 59 

0 0 0 0 0 
46 . 7  88 17  1 1 4 455 
56 . 5  70  9 1  1 3 1  522 
64 . 8  56 1 0 3  140  559 

0 0 0 0 0 
27 .0 1 4 6  5 4  76  304 
4 6 . 7  8!! 71 1 1 4 4 5 5  
56 . 5 70 9 1  1 3 1  522 
64 . 8  56 1 03 1 40 5 59 

Tota I 

0 
8 1 5  
858 

0 
733 
8 1 5  
851l 

0 
579 
733 
8 1 5  
858 



I-' 
I-' I 
I-' 
0 
-..1 

BAS I N  Grea ter  G reen R i ve r  

SUB BAS I N  Lew i n  Areas 2 & 3 

GAS PR I C E  
CASE NO . VMCF 

D i scoun t Rate l if� 
242521 1  I .  so 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  s . oo 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Rate 12£. 
1 2  I .  50 
22 2 . 50 
32 3 .  10  
42 3 . 50 
52 s . oo 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 20% 
1 3  
23 
33  
43 
53 
63  
73  
83  

* CODE : 

I .  50 
2 . 50 
3 .  1 0  
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

A 
0 . 3 

B 
0 .  1 

PROF I T .  
PROSP . 
___"&__ 

c 
0 . 03 

s s . o  
64 . 7  

" 
" 
" 
" 
" 
" 

27 .  I 
64 . 7 

" 
" 
" 
" 
" 
" 

I 1 .  3 
64 . 7  

" 
" 
" 
" 
" 
" 

D 
0 . 0 1  

K -LEVELS 
ON STREAM 

TAB L E  

ECONOM I CS 

FORMAT I ON 81111QDC A +  81wood 8 
AVERAGE PER PROS PECT 

E & p GAS NET PRES .  DCF RATE 
I NV EST . PROD . VALUE OF RETURN 

NO . VALUE * _i!i_ � �M % 

5 BCDEF 
7 ABCDEFG 
" " 
" " 
" " 
" " 
" " 
" " 

3 BCD 
7 ABCDEFG 
" " 
" " 
" " 
, ,  " 
" " 
" " 

1 c 
7 ABCDEFG 
" " 
" " 
" " 
" " 
" " 
" " 

E 
0 . 003 

F 
0 . 00 1  

4049 
444 1  " 

" 
" 
" 
" 
" 

2736 
444 1 " 

" 
" 
" 
" 
" 

2 1 94 
444 1  " 

" 
" 
" 
" 
" 

G 
0 . 0003 

9 . 80 1  934 20 . 0 
1 0 . 92 1  3408 47. 2 " 4 779 6 3 . 6  " 5693 74. 6  " 9 1 20 1 1 5 . 3 " 1 3688 1 65 . 9  " 1 8257 2 1 1 . 9  " 2 5 1 1 1  273. 2 

4 . 870 - 1 43 1 2 . 2  
1 0 . 92 1  2225 47 . 2  " 

3277 6 3 . 6  " 3979 74 . 6 " 66 1 0  1 1 5 . 3 " 1 0 1 1 8  1 65 . 9 " 1 3627 2 1 1 . 9  " 1 8889 273 . 2 

2 . 508 -598 3 . 9  
1 ?,

- 92 1  1 493 47 . 2 
2343  6 3 . 6  " 2909 74 . 6 " 5032 1 1 5 . 3  " 7864 1 65 . 9 " 1 0695 2 1 1 . 9  " 1 4943 2 7 3 . 2  

1 1 -88 

SUMMARY 
Advanced TECHNOLOGY 

DATE Seetember 1�80 

BAS I N  TOTALS WELLS 
MAX NO . W I LDCAT 

GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
AT PR I CE,BCF G I P  BCF  AT PR I CE % ill �- ill PROD . TOTAL 

1 50 1  1 50 1  1 60 55 . 0 72 88 54 2 1 5  429 
1 687 1 687 1 6 1 64 . 7 56 1 04 63  252  476 

0 0 0 27 . 1 0 0 0 0 0 
1 687 1 687 1 6 1  64 . 7 56 1 04 63  252 476 

0 0 0 I 1 .  3 0 0 0 0 0 
1 687 1 687 1 6 1  64 . 7  56 1 04 63  252 476 



TOTAL BAS I N AREA ( S ECT I ONS ) : 
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I VE 
PERM . AREA 
( MD )  ( SECT I ONS ) 

� 0 . 03 29 
I 

1--' 
0 0 . 0 1 96 
00 

0 . 003 1 08 

0 . 00 1 1 1  

0 . 0003 4 5  

0 . 00 0 1  2 5  

0 . 00003 1 7  

0 . 0000 1 2 5  

4 1 6 

H/C GAS 
POROS I TY 

< % > 

* 

NET PAY 
TH I CKNESS 

( FT . )  

* 

TABLE 1 1 -89 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  Lew i n  Areas 2 & 3 
FORMAT I ON :  A l mond  B + E r i cson , 

DEPTH ( FT . ) : 1 0 , 700 
PRESSURE ( PS I A ) : 5560 
TEMPERATURE ( ° F ) : 220 

Rock S pr i ng s ,  B l a i r  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I V E 1 st W/C 2 n d  W/C 

53 1 . 6 1  400 * * * 

2 1 09 . 47  1 494 

2800 . 59 1 863 

2097 . 52 1 304 

1 5 53 .20  89 1 

95 1 . 23 5 1 3  

66 1 .89 3 1 9  

970 . 20 430 

1 1 676 . 70 72 1 4  

* Refer to i nd i v i d ua l format i on s  for these d ata . 



TABLE  1 1 -90  
w E l l  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

G R E A T E P  G R E E N  R I V E R ,  L E W I N  2 A N D  3 �  A L M O N D  B + E R I K S O N-R O C K  S P R G S - B L A R  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1 0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 7 5 8  6 1 6  5 1 8  4 5 1  3 9 4 3 6 1  3 2 4  3 0 4  

2 3 4 6 2 9 7 2 4 8  2 1 4 1 8 5  1 6 7  1 4 7  1 3 7  

1--' 
1--' 

I 5 1 3 6 1 4 2 1 2 3 1 0 4  8 7  7 9  6 7  6 1  1--' 
0 
\.0 

1 0 5 9  7 4  7 1  6 2  5 1  4 4  3 8  3 1  

1 5  3 3  4 8  5 2  4 6  3 7  3 1  2 6  2 2  

2 0  2 1  3 5  4 1  3 7  3 0  2 6  2 0  1 8  

3 0  1 1  2 0  2 7  2 1  2 2  1 8  1 3  1 2  

3 0 - Y E A R 
C U � M . 
P R O D . 2 5 4 0  2 6 5 9  2 5 0 0 2 1 8 9  1 8 5 0 1 6 4 0  1 3 9 0  1 2 4 0 

( M M C F J 



Y E A R  

1 

2 
1-' 
1-' 
I 

1-' 5 1-' 
0 

1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R 
C U M M . 
P R O D . 

( M J"\ C F ) 

TABL E  1 1 - 9 1  

W E L L  P R O D U C T I Oh S U � M A R Y --A D V A N C E D  C A S E  

G R E A T t R  G R E E N  R I V E P ,  L E W I N  2 A N D  3 ,  A L M O N D  B + E R I K S O N-R O C K S P R G S - B L A R  

G A S P R O D U C T I O N  ( H M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

8 9 2  7 6 0 6 4 2  5 9 7  5 4 1  

3 7 0  3 5 7  3 1 0  2 7 5  2 4 2  

1 3 1 1 5 7 1 5 4 1 3 7  1 1 9 

5 4  7 2  8 3  7 6  6 5  

3 0  4 2  5 5  4 9  4 4  

1 9  2 9  4 0  3 7  3 2  

1 0  1 5  2 4  2 3  1 9  

2 6 2 9 2 8 4 9  2 8 9 0 2 6 4 0  2 3 1 9  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

4 9 1  4 2 7  3 9 3  

2 2 1  1 9 3  1 7 9  

1 0 8  9 2  8 4  

6 1  5 1  4 5  

4 2  3 4  3 0  

3 1  2 6  2 3  

2 1  1 8  1 4  

2 1 7 0 1 8 5 0 1 6 5 9 



TABLE 1 1 - 92  

PRODUCT I ON W E L L  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Lew i n  Areas 2 & 3 
FORMAT I ON :  A l mond  B + E r i cson , Rock S prg s . , B i a i r  

BASE  CASE ADVANCED CASE 
NUfvJBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RC:COVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUAL LY USED ACTUAL WEL LS REQD . TO PRODUCE ACTUAL LY USED ACTUAL WEL LS 
CMD )  ALL GAS [ MAX=4 l C BCF ) ALL GAS [ MAX= 1 2 l  C BC F ) 

I-' I-' 0 . 03 ':i . 40 4 296 5 . 23 5 . 23 400 
I 

I-' 
I-' 0 . 0 1  5 . 86 4 1 0 1 9  5 . 48 5 . 48 1 494 I-' 

0 . 003 6 . 88 4 1 083 5 . 96 5 . 96 1 863 

0 . 00 1 8 . 40 4 62 1 6 . 98 6 . 98 1 304 

0 . 0003 1 0 . 53 4 338 8 . 40 8 . 40 89 1 

0 . 000 1 1 2 . 57 4 1 63 9 . 47  9 . 47  5 1 3  

0 . 00003 1 3 . 82 4 92 1 0 . 37 1 0 . 37  3 1 9  

0 . 0000 1 1 3 . 85 4 1 24 1 0 . 39 1 0 . 39 430 

3737  72 1 4  



I-' I-' I I-' I-' N 

TABLE l l - 93 

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Greater Green R i ver 
SUO-BAS I N : Lew i n  Area 2 & 3 
FORMAT I ON :  A l mond B + Er i cson , Rock Sprgs . , B i a i r  

Geo l ogy and  Geop hys i cs ( $/Pr os pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e )  
Ad vanced C a s e  [ 2000/4000 Ft . Fracture ) 

S u r face Eq u i pment ( $/We l l )  

An n ua I Operat i ng Expense ( $/We I I )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

1 , 080 1 1 70 

342 , 507 - 1 , 1 59 , 4 52 
6 8 1 , 804 - 2 , 1 54 , 6 59 

42, 000 

1 0 , 000 

0 . 0303 

l 



H\BLE  l l - 94 

ECONOM I CS SUMMARY 
BAS I N  Grea t e r  Green R i ve r  TECHNOLOGY Base 
SUB BAS I N  Lewi n Areas 2 & 3 FORMAT I ON A l mond B + E r i cson , Rock Sprgs . , B i a i r  DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS \/ELLS 
PROF I T . K -LEVELS E & p GAS NET PRE S .  DCF  RATE MAX NO.  Il l  LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP.  SUCCESS Il l  LDCAT DEVE LOPMENT 
CASE NO . VMC F  _%_ NO. VALUE * .....w.._ .J!.ff_ �M % AT PR I C E,BCF G I P  BCF AT PR I C E  � DRY �- D RY PROD . TOTAL 

D i scoun t Rate l �k 
0826 1 1 1  I .  50 0 0 0 1 8 37 0 - 1 043 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 26 . 9  3 CDE 3375 3 . 249 - 38 9 . 5 0 0 0 26 . 9  0 0 0 0 0 
3 1  3 .  1 0  39 . 6 4 CDEF 4090 4 . 526 801 1 9 . 2 30 1 9  506 1 667 39 . 6  403 264 200 799 1 666 
41 3 . 50 " " " " " 1 1 76 2 3 . 8  " " " " " " " " " 

5 1  5 . 00 53 . 4  6 CDEFGH 5270 5 . 884 33 36 46 . 1 3522 6465 599 53 . 4  279 3 1 9  255 1 02 1  1 875 
6 1  7 . 00 64 . 1 8 CDEFGH I J 6 1 0 3 6 . 486 623 1  75 . 3 3740 72 1 4  577 64 . 1  207 369 287 1 1 5 1  20 1 6  
7 1  9 . 00 " " " " " 8864 1 0 3 . 5  " " " " " 

8 1  1 2 . 00 " " " " " 1 28 1 2  1 43 . 2 

1-' D i s coun t  Rate 1�k 
1-' 1 2  I .  50 0 0 0 1 837 0 - 1 039 0 0 0 0 0 0 0 0 0 0 
I 22 2 . 50 1 2 . 4  2 CD 2541  1 . 494 -657 2 0 0 0 1 2 . 4  0 0 0 0 0 

1-' 3 2  3 . 1 0  26 . 9 3 CDE 3375 3 . 249 - 5 0 0 0 0 26 . 9  0 0 0 0 0 
1-' 42 3 . 50  39 . 6 4 CDEF 4090 4 . 526 573 2 3 . 8  30 1 9  506 1 667 39 . 6  403 264 200 799 1 666 
w 52  5 . 00 48 . 5 5 CDEFG 4928 5 . 546 2058 45 . 1 3358 5952 605 48 . 5  3 1 2  293 239 956 1 80 1  

6 2  7 . 00 5 3 . 4  6 CDE FGH 5270 5 . 884 40 1 9  73 . 2  3522 6465 599 53 . 4  279 3 1 9  255 1 02 1  1 875 
72 9 . 00 64 . 1 8 CDEFGH I J  6 1 03 6 . 486 643 1 1 03 . 5  3740 72 1 4  577 64 . 1 207 369 287 1 1 5 1  20 1 6  
82 1 2 . 00 " " " " " 9492 1 4 3 . 2  " " " " " " " " 

D i scount  Ra te 2�k 
1 3  I .  50  0 0 0 1 837 0 - 1 035 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 2 . 0  I c 1 938 2 . 04 - 98 1  " " " " 2 . 0  
3 3  3 .  1 0  26 . 9  3 CDE 3375 3 . 249 -244 1 4 . 9  " " " 26 . 9 
43 3 . 50 " " " " " -65 1 8 . 6  " " " " 

5 3  5 . 00 48 . 5 5 CDEFG 4928 5 . 546 1 379 45 . I 3358 5952 605 48 . 5  3 1 2  293 239 956 1 801 
6 3  7 . 00 53 . 4 6 CDE FGH 5270 5 . 884 2963 73 . 2  3522 6465 599 53 . 4  279 3 1 9  255 1 02 1  1 875 
73 9 . 00 64 . 1 8 CDEFGH I J  6 1 03 6 . 486 4903 1 0 3 . 5  3740 72 1 4  577 64 . 1  207 369 287 1 1 5 1  20 1 6 
83 1 2 . 00 " " " " " 7395 1� 3 . 2  " " " " " " " " 

* COD E :  C 0 E F G H I  J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1 



f-' 
f-' 
I 

f-' f-' 
,j:>. 

TABLE l l - 9 5  

ECONOM I CS SUMMARY 
BAS I N  Grea ter Green R i ve r  

SUB BAS I N  Lew i n  2 & 3 FORMAT I ON A l mond B + E r i cson , Rock Sprgs . , B l a i r 

GAS PR I C E  
CASE N O .  VMCF 

D i scoun t  Ra te I 0".1, 
08262 I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

1 .  so 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scoun t Rate 1� 
1 2  1 .  so 
22 2 .  50 
32  3 . 1 0  
42 3 . 50 
52 s . oo 
62  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount Ra te 20% 
1 3  1 .  50 
23 2 . 50 
3 3  3 .  1 0  
43 3 . 50 
5 3  5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : 

AVERAGE PER PROSPECT 
PROF I T .  K -LEVELS E & p GAS NET PRE S .  D C F  RATE 
PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN 
__ %_ NO . VALUE * ___w___ ..1£.._ �M � 

0 0 0 2353  0 - 1 336 0 
26 . 9  3 CDE 57 1 2 5 . 0 1 2  305 1 2 . 8  
39 . 6  4 COEF 7735 ] . 426 1 964 25 . 3  

. .  . .  " . .  " 2703 3 1 . 5  
48 . 5  5 CDEFG 1 0862 1 0 . 057 7073 58 . 8 
5 7 . 8  7 CDEFGH I 1 4498 1 2 . 030 1 3589 9 3 . 0  
64 . 1  8 CDEFGH I J 1 69 1 1  1 3 .  1 1 3  20672 1 30 . 0  

" " " " " 30 1 34 1 89 . 7 

0 0 0 2353  0 - 1 325 0 
1 2 . 4  2 C D  3923 2 . 2 1 3  -726 3 .  3 
26 . 9  3 CDE 5 7 1 2  5 . 0 1 2  472 20 . 2  
39 . 6  4 CDEF 7735 7 . 426 1 6 1 0  3 1 . 5  
4 8 . 5  5 CDEFG 1 0862 1 0 . 057 4871 58 . 8  
53 . 4  6 CDE FGH 1 2750 1 1 . 1 40 9332 95 . 2  
64 . 1  8 CDEFGH I J  1 69 1 1 1 3 .  1 1 3  1 5201  1 30 . 0  

" " " " " 22605 1 89 . 7 

0 0 0 2353  0 - 1 3 1 5  0 
" " " " " " " 

26 . 9  3 CDE 5 7 1 2  5 . 0 1 2  1 4  20 . 2  
. .  " " " " 347 25 . 2 

39 . 6  4 CDEF 7735 7 . 426 2708 55 . 7 
48 . 5  5 CDEFG 1 0862 1 0 . 057 6555 95 . 8 
5 7 . 8 7 CDEFGH I 1 4498 1 2 . 030 1 1 0 1 0  1 32 . 5  
64 . I 8 CDEFGH I J  1 69 1 1 1 3 .  1 1 3  1 7694 1 89 . 7  

C D  E F G H I  J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1  

BAS IN  TOTALS 

GAS RECOVER • MAX RECOV . 
AT PR I C E,BCF G I P  BCF 

0 0 
3757 3757 
5061 5061 

" " 

5952 5952 
6784 6784 
72 1 4  72 1 4  

" " 

0 0 
0 0 

3757 3757 
506 1 5061 
5952 5952 
6465 6465 
72 1 4  72 1 4  

" " 

0 0 
" " 

3757 3757 
" " 

506 1 5061 
5952 5952 
6784 6784 
72 1 4  72 1 4  

TECHNOLOGY Advanced 

DATE June 1 980 

WELLS 
MAX NO .  W I LDCAT 
PROSP .  SUCC ESS W I LDCAT DEVELOPMENT 

AT PR I C E  � !!!rL PROD . DRY PROD . TOTAL 

0 0 0 0 0 0 0 
750 26 . 9  547 202 2 79 1 1 1 7  2 1 44 
681 39 . 6  4 1 2  269 391  1 564 2636 

" " " " " " " 

592 4 8 . 5  305 287 492 1 967 305 1 
564 5 7 . 8  238 326 594 2376 3534 
550 64. I 1 97 353 660 2642 3853 

" " " " 

0 0 0 0 0 0 0 
0 1 2 . 4  0 0 0 0 0 

750 26 . 9  547 202 2 79 1 1 1 7 2 1 44 
681 39 . 6  4 1 2  269 391 1 564 2636 
592 48 . 5  305 287 492 1 967 305 1 
580 5 3 . 4 270 3 1 0  550 2 1 98 3325 
550 64 . 1  1 97 353 660 2642 3853 

" " " " 

0 0 0 0 0 0 0 
" " " " " " " 

750 26 . 9  547 202 279 1 1 1 7 2 1 44 
" " " " " " " 

681 39 . 6  4 1 2  269 391 1 564 2636 
592 46 . 5  305 287 492 1 967 305 1 
564 57 . 8 238 326 594 2376 3534 
550 64. I 1 97 353 660 2642 3853 



TOTAL BAS I N  AREA ( S ECT I ONS ) :  

1-' 
1-' 
I 

1-' 
1-' 

TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD ) ( S ECT I ONS ) 

Vl 0 . 1  36 

0 . 03 1 3 1  

0 . 0 1  225 

0 .003 204 

0 . 00 1 87 

0 .0003 44 

727 

H/C GAS 
POROS I TY 

< % ) 

5 .  1 

4 . 6 

4 . 2 

3 . 8 

3 .4 

3 .  1 

NET PAY 
TH I CKNESS 

( FT . ) 

1 5  

22 

30 

36 

42 

50 

TABLE l l - 96 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  Lew i n  Area 2 & 3 
FORMAT I ON :  Lance and  Lew i s  

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

1 9 7 .60  1 60 

95 1 . 32 728 

2034 . 4 5  1 467 

2002 . 67 1 3 53 

1 1 03 . 77  696 

587 . 27 344 

687 7 . 5092 

DEPTH ( FT . ) :  8500 
PRESSURE (PS I A ) :  44 1 5  
TEMPERATURE ( ° F ) : 1 80 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 1 5  1 . 0 

0 . 3 5  1 . 0 

0 .4 5  1 . o  

0 . 5 5  1 . 0 

0 . 65 1 . o  

0 . 7 5  1 . o  



TAB L E  1 1 - 97 
w E L L  P R OD U C T I D� S U M M A R Y -- B A S E  C AS E  

G R E A T E R  G R E E N  R I V E R - L E W I N  2 A N D  3 ,  L A NC E A N D  L E W I S  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  ' H A R  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

1 4 7 1  4 0 9  2 8 3  1 8 1  1 3 1 7 3  

2 1 3 R 1 7 7 1 4 4 9 3  6 8  3 8  
t-' t-' I 
t-' 5 
t-' 

2 5  5 8  7 0  5 2  3 9  2 1  
0'\ 

1 0  5 2 0  3 4 3 1  2 7  1 5  

1 5  1 9 2 1  2 3  2 1  1 2  

2 0  0 5 1 5  1 7  1 7  1 0  

3 0  0 2 8 1 1  1 3  8 

3 0 - Y E A R  
C U M M . 
P R O D .  8 2 0 1 1 1 9 1 2 5 0  1 0 3 0  8 5 0 4 9 0  

( M M C F ) 



TAB L E  l l - 98 
W � L L  P R O D U C T I ON S U M M A R Y--A D V A N C E D  C A S E 

G R E A T E R  G R E E N  R I V E R ,  L E W I N  2 A N D  3 ,  L A N C E A N D  L E W I S  

G A S  P RO D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . oo o o 1  C MD )  
Y E A R  

1 5 4 4  4 9 4  3 4 3  2 4 9 2 1 0 1 2 0  

2 7 8  2 1 4 1 7 4 1 1 8 9 3  5 1  
I-' 
I-' 

I 
I-' 5 1 0  70  8 5  6 0  5 0  29  
I-' 
-.....1 

1 0  2 2 4  4 2  3 1  3 0  1 8 

1 5  1 1 1  2 6  2 0  2 0  1 3  

2 0  0 6 1 8 1 4  1 5  1 0  

3 0  0 2 9 8 9 7 

3 0- Y E A R  
C U � M . 
P R O D . 7 1 9  1 3 5 0 1 5 09 1 1 00 9 8 0  6 0 0  

( �l M C F )  



TABLE l l - 99 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : G reater Green R i ver 
SUB-BAS I N :  Lew i n  Areas  2 & 3 
FORMAT I ON :  La nce & Lew i s  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON �vEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WE LLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS I MAX=4 1 ( BCF ) ALL GAS I MAX= I 2 1  ( BCF ) 

f-' 
f-' 

I 
f-' 

• 1 5 . 427 4 1 1 8 6 .  1 89 6 .  1 89 1 6 0  f-' 
CXl 

. 03 4 . 969 4 582 4 .  1 1 9 4 .  1 1 9 728 

. o  1 5 . 2 1 6 4 1 1 30 4 . 32 1  4 . 3 2 1  1 4 67 

. 003 6 . 437 4 839 6 . 027 6 . 027  1 353 

. 00 1  9 . 4 1 2  4 299 8. 1 63 8 .  1 63 696 

. 0003 1 5 . 9 59 4 2 58 1 3 . 03 1 2 . 3 1 3  

3256 47 1 7  



1--' 
1--' 
I 

1--' 
1--' 
1..0 

TABLE l l - 1 00 

I NV E ST MENT AND OPERAT I NG EXPE N S E S  

Geo l og y a n d  Geop h ys i cs ( $ /Pros pect ) 

Dr i I I i ng Cost ( $ /We I I )  

Fracture Cost ( $ /We i I )  

Base Case [ 1 00 0  Ft . F r a ct u r e ] 

BAS I N : Greater Green R i ve r  
SUB-BAS I N :  Le w i n  Area 2 & 3 
FORMAT I ON :  Lance & Lew i s  

Ad va n ced C a s e  [ 2000/4000 Ft . F r a ct u r e ] 

S u r f a ce Eq u i pment ( $/We i I )  

An n ua l Operat i n g E x pe n se ( $/We i I )  

Com p r es so r  F ue l Cos t ,  R a t i o  of Cost to 

W . l .  Gas Reve nue 

2 0 , 000 

666 , 0 00 

1 63 , 3 50 
3 2 5 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE  1 1 - l 0 1  

Greater G reen R i ve r  
ECONOM I CS SUMMARY 

BAS I N  TECHNOLOGY Base 

SUB BAS I N  Lew i n  Area 2 & 3 FORMAT I ON Lance + Lew i s  DATE J une 1 980 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
PROF I T .  K-LEVELS E & p GAS NET PRE S .  DCF  RATE MAX NO . W I LDCAT 

GAS PR I CE  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VHCF ____A_ NO.  VALUE * ....w_ ...!!.IT._ �M � AT PR I CE,BCF G I P  BCF AT PR I CE % Q!!l PROD . Q!!l PROD . TOTAL 

D i scoun t Ra te l if� 
082 71 I I  I .  50 0 0 0 1 03 1  0 -594 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 1 9 . 8  2 CD 3826 3 . 603 1 75 1 2 . 7  1 742 2539 483 1 9 . 8 388 96 3 1 2  1 244 2040 
3 1  3 . 1 0  20 . 8  3 BCD 3927 3 . 688 692 20 . 6 1 860 2699 504 20 . 8 400 1 05 337 1 346 2 1 87 
4 1  3 . 50 36 . 0  4 BCDE 6367 6 . 562 1 638 26 . 8  2699 4052 4 1 2  36 . 0 263 1 48 505 2023 2939 
5 1  5 . 00 44 . 3  5 BCDEF 7 1 55 7 . 4 1 6  3872 46 . 0  2998 4748 404 44 . 3 225 1 79 570 2281 3256 
6 1  7 . 00 " " " " " 67 1 1 70 . 4  " " " " " " " " " 

7 1  9 . 00 49 . 4 6 BCDEFG 7446 7 . 6 1 4  9690 9 1 . 2  3256 5092 428 49 . 4  2 1 6  2 1 1 63 1  2526 3586 
8 1  1 2 . 00 " " " " " 1 4043 1 1 9 . 0  

f-J D i scoun t Rate 1� 
f-J 1 2  I .  50 0 0 0 1 03 1 0 - 596 0 0 0 0 0 0 0 0 0 0 
I 22 2 . 50 6 . 1 1 c 1 893 1 . 067 - 396 0 0 0 0 6 . 1 0 0 0 0 0 f-J 3 2  3 . 1 0  20 . 8  3 BCD 3927 3 . 688 283 20 . 6  1 860 2699 504 20 . 8  400 1 05 337 1 346 2 1 87 

N 42 3 . 50 " " " " " 533 25 . 4 " " " " " " " " " 

0 52 5 . 00 36 . 0  4 BCDE 6367 6 . 562 2285 46 . 4 2699 4052 4 1 2  36 . 0 263 1 48 505 2023 2939 
62 7 . 00 44 . 3  5 BC DEF 7 1 55 7 . 4 1 6  4556 70 . 4 2998 4748 404 44 . 3 225 1 79 570 2281 3256 
72 9 . 00 " " " " " 6658 9 1 . 7  " " " " " " " " " 

82 1 2 . 00 49 . 4  6 BCDEFG 7446 7 . 6 1 4  9962 1 1 9 . 0  3256 5092 428 4 9 . 4  2 1 6  2 1 1 63 1  2526 3586 

D i scount  Rate 2if� 
1 3  I .  50 0 0 0 1 0 3 1  0 -597 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 " " " 1 0 3 1  " " " " " " " 

33 3 . 10  7 .  1 2 BC 1 994 1 . 067 - 322 6 . 6  " " " 7 . 1 
43 3 . 50 20 . 8  3 BCD 3927 3 . 688 223 25 . 4 1 860 2699 504 20 . 8 400 1 05 337 1 346 2 1 87 
5 3  5 . 00 36 . 0  4 BCDE 6367 6 . 562 1 500 46 . 4 2699 4052 4 1 2  36 . 0 263 1 48 505 2023 2939 
63 7 . 00 44 . 3  5 BCDEF 7 1 55 7 . 4 1 6  3231  70 . 4  2998 4748 404 44 . 3 225 1 79 570 2281 3256 
73 9 . 00 " " " " " 4866 9 1 . 7  " " " " " " " " " 

83 1 2 . 00 49 . 4  6 BCDEFG 7446 7 . 6 1 4  7422 1 1 9 . 0  3256 5092 428 49 . 4  2 1 6  2 1 1 63 1  2526 3586 

* COD E :  B C D E F G 
0 .  I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 



T,A.B L E  1 1 - l 0 2  

ECONOMiCS SUMMARY 
BAS I N  G rea t e r  G reen R i ver TECHNOLOGY Advanced 
SUB BAS I N  IPwin ArPa 2 & l FORMAT I ON Lance & Lew i s  DATE J une 1 980 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
PROF I T . K -LEVELS E & P GAS NET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST. PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VMCF __ %_ NO . VALUE * ....w..__ ....!!ff_ �M % AT PR I C E,BCF G I P  BCF AT PR I CE % DRY PROD . DRY PROD . TOTAL 

D i scoun t Ra te l �k 
082 72 1 1  I .  50 0 0 0 1 1 93  0 -685 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 1 9 . 8  2 CD 4475 4 .  307 29 1  1 3 . 9 2 1 95 2 1 95 509 1 9 . 8  408 1 0 1  325 1 299 2 1 34 
3 1  3 . 1 0  " " " " " 860 2 1 . 3  " " " " " " " " " 

4 1  3 . 50  36 . 0  4 BCDE 9 1 96 8 .  4 72 2388 29 . 6 3708 3708 438 36 . 0 280 1 58 68 1  2223  3842 
5 1  5 . 00 · 44 . 3  5 B C D E F  1 1 1 25 I 0 . 1 1 6 5946 52 . 7 4404 4404 4 36 44 . 3  242 1 9 3 840 336 1 4637 
6 1  7 . 00 4 9 . 4  6 BCDEFG 1 2290 1 0 . 754 1 0590 79 . 5  47 1 7 4748 439 49 . 4  222 2 1 6  946 3783 5 1 68 
7 1  9 . 00 " " " " " 1 5 1 5 3 I 06 . I 
8 1  1 2 . 00 " " " " " 2 1 997 1 39 . 9 

1-' 
D i scount  Ra te l�k 

1-' 
1 2  I .  so 0 0 0 1 1 93 0 -685 0 0 0 0 0 0 0 0 0 0 

I 22 2 . 50  6 .  I I c 2 1 85 I .  I SS  -436 . 2 0 0 0 6 .  I 0 0 0 0 0 

1-' 32  3 . 1 0  1 9 . 8  2 C D  4475 4 . 307 370 2 1 . 3  2 1 95 2 1 95 509 1 9 . 8  408 1 0 1  325 1 299 2 1 34 
N 42 3 . so " " " " " 657 26 . I " " " " " " " " " 

1-' 52  5 . 00 44 . 3  5 BCDEF 1 1 1 25 1 0 .  1 1 6 3883 52 . 7 4404 4404 4 36 44 . 3  242 1 93 840 3361  4637 
62  7 . 00 " " " " " 7 1 07 82 . I " " " " " " " " " 

72 9 . 00 49 . 4  6 BCDE FG 1 2290 1 0 . 754 1 0698 I 06. I 47 1 7 4748 439 49 . 4  222 2 1 6  946 3783 5 1 68 
82  1 2 . 00 " " " " " 1 58 1 4  1 39 . 9  

D i scou n t  Rate 2�k 
1 3  I .  so 0 0 0 1 1 93  0 -684 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 " " " " " " " " " " " " " " " " 

3 3  3 .  1 0  6 .  I I c 2 1 85 I .  I SS -38 1  6 . I 0 0 0 6 .  I 0 0 0 0 0 
43 3 . 50 1 9 . 8  2 CD 4475 4 .  307 2 9 1  26 . I 2 1 95 2 1 95 509 1 9 . 8  408 1 0 1  325 1 299 2 1 34 
53  5 . 00 36 . 0  4 BCDE 9 1 96 8 . 4 72 2272 5 2 .  I 3708 3708 438 36 . 0  280 1 58 68 1  2 723  3842 
63 7 . 00 44 . 3  5 BCDEF 1 1 1 25 1 0 .  1 1 6 5 1 26 82 .  I 4404 4404 4 36 44 . 3  242 1 93 840 336 1  4637 
73  9 . 00 " " " " " 7643 1 07 . 5  " " " " " " " " " 

83  1 2 . 00 4 9 . 4  6 BCDE FG 1 2290 1 0 . 754 1 1 88 1  1 39 . 9  47 1 7  4748 439 49 . 4  222 2 1 6  946 3783 5 1 68 

* CODE : B C D E F G 
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  2 5 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
1-' PERM . AREA POROS I TY TH I CKNESS 1-' 

I ( MD )  ( SECT I ONS ) < % ) ( FT . )  
1-' 
N 
N 

0 . 1  2 4 . 7 1 3  

0 . 03 6 4 . 0 1 9  

0 . 0 1  9 3 .6 2 5  

0 . 003 7 3 . 4  33 

0 . 00 1 3 3 . 2 42 

27 

TABLE 1 1 - 1 03 

GEOLOG I CAL DATA S UMMARY 

BAS I N : G reater Green R i ver 
S UBBAS I N : Wash a k i e  
FORMAT I ON :  A l mond 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BC F )  

1 0 . 46 7 

39 . 06 30 

69 . 3  5 5  

67 . 2 47  

34 . 5  20 

22 1 . 1 59 

DEPTH ( FT . ) :  1 2000 
PRESS URE ( PS I A ) : 7200 
TEMPERATURE ( ° F ) : 240 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

0 . 50 1 . o  

0 . 60 1 . 0 

0 . 70 1 .o  

0 . 7 5  1 . 0 

0 . 80 1 . o  



TABLE  1 1 - 1 04 
W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

G R f A T E R  GR E E N R I V E R ,  W A S H A K I E  , A L M O N D  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1 0 . 0 3 o . o 1  o . o o 3  0 . 0 0 1  0 . 00 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MO )  
Y � A R  

1 7 1 2  4 8  5 3 3 1  2 1 1  1 4 4 

f-' 2 4 8 4  3 2 3  2 0 2  1 2 8  8 0  
f-' 

I 
f-' 
N 
w 5 2 6 1  2 1 8 1 4 1  8 1  5 2  

1 0  1 3 5  1 4 3  1 0 9  6 3  3 9  

1 5  8 1  1 0 7  9 0  5 6  3 3  

2 0  5 7  7 8  7 7  5 0  3 0  

3 0  2 8  5 3  5 8  4 3  2 6  

3 0 - Y E A R 
C U M M . 
P R C D . 4 2  3 5  4 0 7 2  3 1 4 7  1 9 8 7  1 2 2 8  

( M M C F ) 



TABLE  1 1 - 1 0 5 
W F L L P R OD U C T I O� S U M M A R Y --A D V A N C E D  C A S E  

G R E A T E R  GR E E N  R I V E R ,  W A S H A K I E  , A L M O N D  

G A S  P R O D UC T I O N  ( MM C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 ( M O )  
Y E A R  

1 1 0 8 1  1 2 0 5  9 3 3  7 2 3 5 2 4  

2 7 1 1 7 8 6  5 8 2 4 1 9 2 8 6  
1-' 
1-' 
I 

1-' 
5 4 2 5  4 8 1  3 6 4  2 5 8 1 7 7  N 

� 

1 0  2 5 4  3 0 2  2 5 5  1 8 4  1 2 3  

1 5  1 7 0 2 1 9  2 0 1 1 5 1 1 0 3  

2 0  1 2 7  1 5 3 1 6 8  1 3 1  9 0  

3 0  7 3  1 0 5 1 2 0  1 0 5  7 5  

3 0 - Y E A R 
C U M M . 
P R 0 0  • 

( � ,..1 C F ) 7 4 8 5  8 8 2 4  7 5 9 6  5 7 1 1 3 9 5 7  



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/S ECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY US ED 

1-' < MD )  
1-' 

ALL GAS [ MAX==4 1 
I 

1-' 
N 
lJl • 1 . 973 . 973 

. 03 1 . 1 89 1 .  1 89 

. o  1 1 .  9 1 2  1 .  9 1 2 

. 003 3 .  1 74 3 . 1 74 

. 0 0 1  5 . 736 4 . 00 

TABLE 1 1 - l 06 

PRODUCT I ON WE L L  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  A l mond 

RECOV ERABLE NUMBER OF 
GAS FROM WELLS/S ECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
< BCF ) ALL GAS 

7 . 5 50 

30 . 548 

5 5  . 792 

4 7  1 .  1 05 

1 5  1 .  7 8 1  

1 54 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX== 1 2 1  ( BCF ) 

. 5 50 7 

. 548 30 

. 7 92 5 5  

1 .  1 05 4 7  

1 .  7 8 1  20 

1 59 



...... 
...... 
I ...... 

N 
"' 

TABLE 1 1 - 1 07 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and  Geop h ys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Ca se I 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Wash a k i e  
FORMAT I ON :  A l mond  

Ad vanced Case 1 2000/4000 F t .  Fract ure ] 

S u r face Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compressor F ue l  Cost , Rat i o  of Cost to 

W .  I .  Gas Revenue 

20 , 000 

1 , 220 , 000 

1 1 0 , 000 
1 40 , 000 - 360 , 000 

45 , 000 

1 0 , 000 

. 0303 



T.I\BL E  1 1 - l 08 

ECONOM I CS SUMMARY 
BAS I N  �[�at�r G reen R i ver TECHNOLOGY Base Case 

SUB BAS I N  Was hak ie FORMAT I ON A l mond DATE 1 0/79 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T .  K -LEVELS E & P GAS NET PRES . D CF  RATE MAX NO . W i LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP .  SUCCESS W I LDCAT DEVE LOPME�lT 
CASE NO . S /Mr.F --�(,_ NO . VALUE * _lli_ � �M % AT PR I C E,BC F  G I P  BCF  AT PR I C E  % DRY PROD , QE1_ PROD . � 
D i sco�n t Rate  1 0� 
0831 1 1 1  I .  50 1 6 . 2 2 BC 1 929  1 .  950 - 440 2 . 2  - 1 6 . 2  

2 1  2 . 50 37 . 9  3 BCD 2567 3 . 752 545 1 7 . 3 92 92 25 37 . 9 1 6  9 4 1 6  45 
3 1  3 . I 0 37 . 9  3 BCD 2567 3 . 752 1 0 1 2  2 3 . 8  92 92 25 37 . 9 1 6  9 4 1 6  45 
41 3 . 50 57. 1 4 BCDE 4 4 1 8  6 . 284 2049 28 . I 1 39 1 39 22 57 . 1 9 1 2  1 0  38 70 
5 1  5 . 00 5 7 .  1 4 BCOE 44 1 8  6 . 284 3923 46 . 9 1 39 1 39 22 57 .  I 9 1 2  1 0  38 70 
6 1  7 . 00 66 . 5  5 BCOEF 5 1 95 7 .  1 94 6964 7 1 . 7  1 54 1 59 2 1  66 . 5  7 1 4  1 1  46 78 
7 1  5 . 00 66 . 5  5 BCDEF 5 1 95 7 .  1 94 973 1  1 00 . 5  1 54 1 59 2 1  66 . 5  7 1 4  1 1  46 78 
8 1  1 2 . 00 66 . 5  5 BCDEF 5 1 95 7. 1 94  1 3883 1 44 . 1 5 4  1 59 2 1  66 . 5  7 1 4  1 1  46 78 

D i scou n t  Rate 1 5% 
1-' 1 2  i .  50 4 . 1 1 B 1 550 . 4 1 2  - 7 1 9  0 4 . 1 
1-' 22 2 . 50 1 6 . 2  2 BC 1 929 1 .  950 -235 9 . 5 1 6 . 2  

I 3 2  3 .  1 0  3 7 . 9  3 BCD 2 567 3 . 752 488 23 . 8 92 92 25 3 7 . 9  1 6  9 4 1 6  45 
1-' 42 3 . 50 37 . 9 3 BCD 2567 3 . 752 725 28 . 2 92 92 25  37 . 9 1 6  9 4 1 6  4 5  
N 5 2  5 . 00 57 . 1 4 BCOE 44 1 8  6 . 284 250 1  46 . 9  1 39 1 39 22 57 .  1 9 1 2  1 0  38 70 -...] 

62 66 . 5  BCOEF 5 1 95 7 . 194 4707 7 1 . 7  1 54 1 59 2 1  66 . 5  7 1 4  I I  46 78 7 . 00 5 
72 9 . 00 66 . 5  5 BCDEF 5 1 95 7 . 194 6785 1 00 . 5  1 54 1 59 2 1  66 . 5  7 1 4  1 1  46 78 

82 1 2 . 00 66 . 5  5 BCDEF 5 1 95 7 . 1 94 9903 1 44 . 1 5 4  1 59 2 1  66 . 5  7 1 4  1 1  46 78 

D i scount Ra te 20% 0 1 3  I .  50 0 0 1 4 39 - 797 0 
23 2 . 50 1 6 . 2  2 BC 1 929 I .  950 -366 9 . 5 1 6 . 2  

3 3  3 .  1 0  1 6 . 2  2 BC 1 929 I .  950 -205 1 4 . 0 1 6 . 2 

43 3 . 50 37 . 9  3 BCD 2567 3 . 752 359 28 . 2 92 92 25 3 7 . 9  1 6  9 4 1 6  45 

53 5 . 00 37 . 9  3 BCD 2567 3 . 752 1 074 45 . 0 92 92 25 37 . 9  1 6  9 4 1 6  45 

63 7 . 00 57 .  I 4 BCOE 44 1 8  6 . 284 3 1 49 74 . 1 1 39 1 39 22 57 . I 9 1 2  1 0  38 70 

73 9 . 00 66 . 5  5 BCDEF 5 1 95 7 .  1 94 50 1 0  1 00 . 5 1 54 1 59 2 1  66 . 5 7 1 4  1 1  46 78 

83 1 2 . 00 66 . 5  5 BCDEF 5 1 95 7 .  1 94  7494 1 44 .  1 54 1 59 2 1  66. 5. 7 1 4  I I  46 78 

* CODE : B C D E F 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  



1-' 1-' 
I 

1-' 
N OJ 

SAS I N  Grea ter G reen R i ver 

SUB BAS I N  Washakie 

GAS PR I C E  
CASE NO . S/MCF 

D i scount  Ra te 1 0� 
OS3 1 2  I I  I .  50 

2 1  2 . 50 
3 1  3 . I 0 
4 1  3 . 50 
5 1  s . oo 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t  Rate 12£, 
1 2  1 . so 
22 2 . 50 
32 3 . 10  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scou n t  Ra te 20% 
1 3  
23 
33 
43 
53  
63 
73 
83 

* CODE : 

1 .  50 
2 . 50 
3 . 1 0  
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  l 

PROF I T .  
PROS P .  
__ ')!_, _ 

57 . I 
66 . 5 

ou " 
, ,  " 
" " 

37 . 9 
66 . 5  " " " 

" " 
" 

37 - 9 
57 . 1 
66 . 5  

c 
0 . 03 

" 
" " 
" 
" 

0 
0 . 0 1  

T.t\BL E  l l - l 0 9  

ECONOM I CS SUMMARY 

FORMAT I ON A l mond 

AVERAGE PER PROSPECT BAS IN TOTA LS 
K -LEVELS E & P 
ON STREAM I NVEST . 
NO .  VALUE * _w__ 

4 BCDE 2494 
5 BCDEF 2924 " " " " " " " " " 
" " " 
" " " " " " 

3 BCD 1 899 
5 BCDEF 2924 " " " 
" " " " " " 
" " " " " " 
" " " 

3 BCD 1 899 
4 BCDE 2494 
5 BCDEF 2924 " " " 
" " " " " " 
" " " 
" " " 

F E 
0 . 003 D . 001  

GAS 
PROD . 
� 

6 . 274 
7 . 3 3 1  " " 
" 
" 
" " 

3 . 743 
7 . 33 1  " 
" " 
" " 
" 

3 . 743 
6 . 274 
7 - 3 3 1  " 
" " 
" " 

NET PRE S .  DCF  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV . 
�M % AT PR I C E  BCF G I P  BCF 

74 1  20 . 9 1 39 1 39 
2554 45 . 8  1 59 1 59 
3553 6 1 . 1  
42 1 9  7 1 . 4  
6 7 1 8  1 09 . 8  

1 0050 1 58 . 4  
1 3 382 203 . 4  
1 8379 264 . 5  

- 5 1  1 3 . 8  
1 682 45 . 8  159  1 59 
2458 6 1 .  1 
2976 7 1 . 4  
49 1 6  1 09 . 8  
7504 1 58 . 4 

1 0091  203 . 4  " " 
1 3973 264 . 5  

-2 1 5  1 3 . 8  -
940 43 . 4  1 39 1 39 

1 766 6 1 . 1 1 59 1 59 
2 1 88 7 1 . 4 
3769 1 09 . 8  
5876 1 58 . 4  
7986 203 . 4  

1 1 1 49 264 . 5 

TECHNOLOGY Advance Case 

DATE 1 0/79 

WELLS 
MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVE LOP�O:NT 

AT PR I C E  % DRY PROD . Q!rr. PROD . TOTAL 

22 57 . 1 9 1 2  2 9 33  
22 66 . 5 7 1 5  3 1 3  39 

37 . 9 
22 66 . 5  7 1 5  3 1 3  39 

" , ,  

3 7 . 9  
2 2  5 7 .  1 9 1 2  2 9 33 
22 66 . 5 7 1 5  3 1 3  39 



TOTAL BAS I N  AREA ( S ECT I ONS ) :  
TYPE : Lent i c u l a r 

NGL ( BBL/MMC F ) : 25 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) �) ( FT . ) 

1-' 1-' I 0 .3 6 5 . 6 1 2  
1-' 
N 
1.0 0 . 1 1 3  4 . 7 1 6  

0 . 03 3 1  4 . 0 23 

0 . 0 1  42 3 . 6 30 

0 . 003 46 3 . 4 46 

0 . 00 1 30 3 . 2 56 

0 . 0003 1 7  3 . 0 76 

0 . 000 1 8 2 . 9  1 00 

1 92 

TAB LE l l - 1 1 0  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  Washa k i e  
FORMAT I ON :  La nce ,  Lew i s  

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

34 3 1  

82 . 4 5  82 

240 . 50 2 1 4 

382 . 54 335 

606 . 69 4 72 

4 53 . 36 335 

326 .86 239 

1 95 . 6 5  1 1 5 

2322 . 1 823 

DEPTH ( FT .  ) : 1 1 , 000 
PRES S URE ( PS I A ) :  6600 
TEMPERATURE ( ° F ) : 223 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2nd  W/C 

0 . 1 0  1 . o 

0 . 30 1 . 0 

0 . 50 1 . o 

0 . 5 5  1 . 0 

0 . 60 1 . o  

0 . 6 5  1 . 0 

0 . 70 1 . 0 

0 . 80 1 . o  



TABLE 1 1 - 1 1 1  

� E L L  P R O D U C T I ON S U M M A R Y -- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R ,  W A S H A K I E  , L A N C E -L E W I S  

G A S  P R O D U C T I O N  C H H C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  C H O )  
Y f A R  

1 5 3 0 5 0 7  4 3 0 3 0 9 2 5 3  1 7 1  1 1 2 8 2 

I-' 2 1 2  1 3 3  1 7 2 1 5 1  1 3 0 8 8  5 9  4 4  
I-' 

I 
I-' 
w 
0 5 6 2 1  5 0  6 6  7 2  5 1  3 3  2 5  

1 0  1 4 1 5  3 0  4 2  3 4 2 3  1 7  

1 5  0 1 6 1 7  2 9  2 5  1 9  1 3  

2 0  0 0 3 1 0  2 2  2 2  1 6  1 2  

3 0  0 . 0 1 5 1 4  1 5  1 3  9 

3 0 - Y E A R 
C U t'I M . 
P R O D . 6 6 0  

( M M C F ) 
8 2 0 1 0 4 9  1 1 7 0 1 3 6 9  1 0 9 0  7 6 0  5 5 9 



TAB L E  1 1 - 1 1 2  

W E L L  P R O D U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R G R E E N  R I V E R ,  W A S H A K I E  , L A N C E -L E W I S  

G A S  P R O D U C T I O N  ( M MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( M D )  
Y F A R  

1 3 4 5  3 7 8  4 2 6  4 0 8 4 0 1  2 9 0 1 9 0 1 3 6 

� 2 3 1 4  3 3  7 2  1 2 4  1 1 5  8 2  5 9  
� 
I 

� 
w 
� 5 0 1 5 1 1 3 3  4 5  4 4  3 3  

1 0  0 0 1 3 1 0 1 9  2 6  2 2  

1 5  0 0 0 1 4 1 1  1 8  1 7  

2 0  0 0 0 1 3 6 1 3  1 3  

3 0  0 0 0 0 1 3 8 1 0  

3 0 - Y E A R  
C lJ M M . 
P R O D . 3 4 9  4 1 0  5 1 0 6 0 0  8 2 9 8 7 9  8 7 9 7 3 9  

( M M C F ) 



TABLE 1 1 - 1 1 3  

PRODUCT I ON WELL  RE�EMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  Lance & Lew i s  

BASE CASE ADVANCED CASE 
NUMBE R OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOVERAB LE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 l ( BCF ) ALL GAS [ MAX= 1 2 l  < BCF ) 

1---' • 3 8 . 4 56 4 1 5  1 5 . 99 1 2  23 
1---' 
I 

1---' • 1 7 . 368 4 44 1 4 . 74 1 2  66 
w 
N 

. 03 6 . 73 4 1 26 1 3 . 84 1 2  1 84 

. o  1 6 . 749 4 1 98 1 3 .  1 6  1 2  305  

. 003 7 . 426 4 2 5 5  1 2 . 26 1 2  463 

. 00 1  1 0 . 686 4 1 24 1 3 . 2 5  1 2  30 5 

. 0003 1 7 . 87 5  4 53 1 5 . 4 5  1 2  1 86 

. 000 1 28 . 569 4 1 6  2 1 . 6 1  1 2  64 

83 1 1 596 



....... 
....... 

I ....... 
w 
w 

TABLE 1 1 - 1 1 4  

I NVESTMENT AND OPERAT I NG EXPENSES  

Geo l ogy a n d  Geop h ys i cs ( $/Pros pect ) 

Dr i I l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

8ase Case I 1 000 Ft . Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  La nce & Lew i s  

Ad va nced Case ! 2000/4000 Ft . Fracture ) 

S ur face Eq u i pment ( $/We l l )  

An n ua l O perat i ng Expense ( $/We i I )  

Compresso r  Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue  

20 , 000 

1 , 006 , 000 

1 7 6 , 000 - 473 , 000 
3 5 1 , 000 - 979 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



1-' 1-' I 
1-' 
w ,:::.. 

TABL E  l l - 1 1 5  

ECONOM ICS  SUMMARY 
BAS I N  Greater Green R i ve r  

SUB BAS I N  Wasbakie FORMAT I ON l 11ar;c � Lckii :ii 
AVERAGE PER PROSPECT 

PROF I T .  K-LEVELS E & p GAS 
GAS PR I C E  PROS P .  O N  STREAM I NVEST . PROD . 

CASE NO .  VHCF ____%_____ NO . VALUE * .J.!L_ _ill_ 
D i scoun t Rate 1 0%  
0832 1 I I  I .  50 0 0 0 1 388 0 

2 1  2 . 50 
3 1  3 .  I 0 
4 1  3 . 50 36 . 0  3 CDE 4253 2 . 983 
5 1  5 . 00 47 . 5 6 ABCDEF 5428 4 . 058 
6 1  7 . 00 " " " " " 
7 1  9 . 00 5 3 . 4 7 ABCDEFG 5639 4 . 235  
8 1  1 2 . 00 5 7 . 4  8 ABCDEFGH 5732 4 . 298 

D i scount  Rate l�k 
1 2  I .  50 0 0 0 1 388 0 
22 2 . 50 
32 3 .  1 0  
42 3 . 50 8 . 4  I c 2 1 53 . 623  
52 5 . 00 38 . 0  4 BCDE 4432 3 . 090 
62 7 . 00 4 7 . 5 6 ABCDEF 5428 4 . 058 
72 9 .  00 " " " " " 
82 1 2 . 00 53 . 4  7 ABCDEFG 5639 4 . 2 35  

D i scount  Rate 2�1, 
1 3  I .  50  0 0 0 1 388 0 
23 2 . 50 
33 3 .  1 0  
43 3 . 50 
5 3  5 . 00 38 . 0  4 BCD£ 4432 3 . 090 
6 3  7 . 00 47 . 5  6 ABCDEF 5428 4 . 058 
73 9 . 00 " " " " " 
83 1 2 . 00 5 3 . 4  7 ABCDEFG 5639 4 . 235 

* C ODE : A 
0 .  

8 C D  E F G H 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 

NET PRES . 
VALUE 
�M 

- 788 

36 1  
1 929 
38 1 0  
5849 
884 1 

- 786 

-534 
989 

2684 
4 1 88 
66 1 4  

- 783 

597 
1 952 
3203 
5206 

BAS I N  TOTALS 
DCF RATE 
OF RETURN GAS RECOVER . HAX RECOV . 

:& AT PR I CE,BCF G I P  BCF 

0 0 0 

1 4 . 9  579 1 02 1  
33 . 5  762 1 469 
60 .  I " " 
87 . 2 8 1 5  1 708 

1 2 7 . 2  83 1  1 823 

0 0 0 

0 0 0 
33 . 5 623  1 1 03  
60 . I 762 1 469 
87 . 4 " " 

1 2 7 . 5  8 1 5  1 708 

0 0 0 

33 . 5  623  1 1 03  
60 . I 762 1 469 
87 . 4  " " 

1 2 7 . 5  8 1 5  1 708 

TECHNOLOGY fia5t: 
DATE Jyn!: 1!!80 

HAX NO.  W I LDCAT 
PROSP . SUCCESS W I LDCAT 

AT PR I C E  % Q.!r!. PROD . 

0 0 0 0 

1 94 36 . 0  1 24 70 
1 88 47 . 5  99 89 " " " " 
1 92 53 . 4 90 1 03 
1 93 5 7 . 4  8 3  I l l  

0 0 0 0 

0 8 . 4  0 0 
202 38 . 0  1 25 77 
1 88 47 . 5 99 89 " " " " 
1 92 53 . 4 90 1 03 

0 0 0 0 

202 38 . 0 1 25 77 
1 88 47 . 5 99 89 " " " " 
1 92 53 . 4 90 1 03 

W ELLS 

DEVELOPMENT 
DRY 

0 

9 1  
1 2 3  " 
1 33 
1 35 

0 

0 
1 00 
1 23 " 
1 33 

0 

I 00 
1 2 3 " 
1 33 

PROD . !Qffih 
0 0 

363 648 
492 804 " " 
528 853 
540 868 

0 0 

0 0 
401  703 
492 804 " " 
528 853 

0 0 

401 703 
492 804 " " 
528 853 



TABLE l l - 1 1 6  

Grea ter G reen R i ver 
ECONOM I CS SUMMARY 

BAS I N  fECHNOLOGY Advanced 
SUB BAS I N  \J;lc:;.h.:�kie FORMAT I ON Lao'� fl Lfi:ki i :a DATE J une 1!180 

AVERAGE PER PROS PECT BAS IN TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES .  OCF  RATE MAX NO .  W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI LOCAl DEVELOPMENT 
CASE NO . VMCF __ %_ NO . VALUE * _w_ � �M � AT PR I C E  BCF G I P  BCF  AT PR I C E  % DRY PROD . � PROD . TOTAL 

D i scoun t Rate  � �� 
08322 1 1  1 .  50 0 0 0 1 594 0 -905 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 25 . 2  2 EF 1 0355 4 . 636 1 704 26 . 9  768 807 1 66 25 . 2  1 24 4 1  204 8 1 7 1 1 86 
6 1  7 . 00 4 5 . 5  4 CDEF 1 7430 7 . 034 7 1 8 1  83 . 5  1 257 1 356 1 79 45 . 5  98 8 1  402 1 607 2 1 87 
7 1  9 . 00 5 3 . 4  7 ABCOEFG 1 9368 7 . 860 1 2575 1 39 . 8  1 5 32 1 708 1 94 53 . 4  9 1  1 04 487 1 945 2627 
8 1  1 2 . 00 57 . 4  8 ABCOEFGH 20040 8 . 1 40 20 1 9 1  225 . 3  1 596 1 82 3  1 96 5 7 . 4  84 1 1 3 502 2008 2707 

1-' 
D i scoun t Rate 12£. 

1 2  1 .  50 0 0 0 1 594 0 -900 0 0 0 0 0 0 0 0 0 0 
1-' 22 2 . 50 I 32 3 .  1 0  1-' 
w 42 3 . 50 
lJl 52 5 . 00 1 5 . 7  I E 6303 2 . 447 348 2 1 . 6  463 472 1 89 1 5 . 7  1 60 29 1 28 5 1 1 828 

6 2  7 . 00 4 5 . 5  4 COEF 1 7430 7 . 034 5553 8 3 . 5  1 257 1 356 1 79 45 . 5  98 8 1  402 1 607 2 1 87 
72 9 . 00 5 3 . 0  6 BC DEFG 1 9229 7.  831  9983 1 39 . 5  1 509 1 677 1 92 5 3 . 0  90 1 02 477 1 907 2578 
82 1 2 . 00 5 3 . 4  7 ABCDEFG 1 9368 7 . 860 1 6222 2 30 . 3  1 532 1 708 1 94 53 . 4  9 1  1 04 487 1 945 2627 

D i scount  Ra te 2ifk 
1 3  1 .  50 0 0 0 1 594 0 -895 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 
3 3  3 .  1 0  
43 3 . 50 
53 5 . 00 
63 7 . 00 3 7 .  I 3 DEF 1 4290 6 . 073 3572 74 . 0  1 073 1 1 42 1 77 37 .  I I ll  65 3 1 1 1 2 70 1 764 
73 9 . 00 4 7. I 5 BCDEF 1 7994 7. 1 73 78 1 9  1 43 . 8  1 323 1 4 38 1 85 47 .  I 98 87 429 1 7 1 7  233 1  
83 1 2 . 00 53 . 4 7 ABCDEFG 1 9368 7 . 860 1 3525 230 . 3  1 5 32 1 708 1 94 53 . 4  9 1  1 04 487 1 945 2627 

* COD E :  A B C 0 E F G H 
0 . 3 0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1 0 . 0003 0 . 000 1 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 

1-' ( MD )  ( SECT I ONS ) 1-' ( % ) ( FT .  ) 
I 1-' w 

0'1 0 . 03 9 5 . 7 20 

0 . 0 1  40 5 .  1 3 1  

0 . 003 9 1  4 . 4 50 

0 . 00 1 88 3 . 8 80 

0 .0003 43 3 .  1 1 30 

0 . 00 0 1  1 4  2 . 5 200 --

28 5 

TABLE 1 1 - 1 1 7  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Washa k i e  
FORMAT I ON :  Lower Mesaverde 

EST I MATED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RES ERVO I R  COND . GAS 

( BCF ) ( BC F )  

92 . 6 1  66 

570 .8 39 5 

1 806 . 35  1 202 

24 1 3 . 84 1 5 1 3  

1 563 . 9 1  886 

63 1 . 68 339 

7079 . 440 1 

DEPTH ( FT . ) :  1 4 , 500 
PRESSURE ( PS I A ) : 8700 
TEMPERATURE ( ° F ) : 277  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

0 . 30 1 . o  

0 . 4 5  1 . o 

0 . 65 1 .o  

0 . 7 0 1 . 0 

0 . 7 5  1 . 0 

0 . 80 1 . o 



K • 0 . 3  0 . 1  
Y E A R  

1 

2 
...... ...... I ...... 5 
w 
-.....! 

1 0  

1 5  

2 0  

3 0  

3 0 - Y F A R  
C U I"l � . 
P R O D . 

C M M C F ) 

TABLE  1 1 - 1 1 8 
w E L L P R O D U C T I O �  S U M M A R Y - - B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R ,  W A S H A K I E  , L O w E R  M E S A  V E R D E  

0 . 0 3 

5 1 2 

2 1 6 

6 8  

2 2  

1 0  

5 

2 

1 3 2 9  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

4 1 8  3 6 5  3 1 1  2 3 2 

2 0 9 1 8 9  1 6 2  1 2 1  

9 8  1 0 4  9 2  6 9 

4 7  6 1 6 2  4 7  

2 8  4 3  4 6  3 8  

1 9  3 3 4 0 3 3  

9 2 1  2 8  2 7  

1 7 2 9  1 9 9 0  1 9 6 0  1 5 4 9 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( M D )  

1 8 2  

9 7  

5 5  

3 7  

3 0  

2 6  

2 1  

1 2 2 9 



TABLE  1 1 - 1 1 9  

w E L L  P R O D U C T I ON S U M M A R Y - -A D V A N C E D  C A S E  

G R E A T E R G R E E N  R I V E R ,  W A S H A K I E  , L O W E R  M E S A  V E R D E  

G A S  P R O D UC T I O N  ( H M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C HO )  
Y f A R  

1 6 0 9  5 2 6 5 3 4  4 5 2  3 90 3 0 2  

I-' 2 1 1 9 2 2 8 2 1 7  2 0 3  1 6 8  1 3 1  
I-' 
I 

I-' 
w 

5 1 9  8 3  8 8  1 0 0 8 8  7 4  00 

1 0  5 3 1 3 6  5 4  5 1  4 9  

1 5  2 1 6  1 9  3 6  3 4  3 5  

2 0  1 9 1 2  2 6  2 4  2 9  

3 0  0 4 6 1 5  1 5  2 0  

3 0- Y E A R 
C U ,_, t'4  • 
P R O D . 9 1 0  1 5 6 0 1 6 4 9 1 9 5 0  1 7 1 0  1 5 7 9  

( f" f'I C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS [ MAX=4 1 

1-' 
1-' 
I 

1-' 
w . 03 5 . 6 96 4 
1.0 

. 0 1  5 . 784 4 

. 003 6 . 653 4 

. 00 1  8 .  724 4 

. 0003 1 3 . 42 1  4 

. 000 1 1 9 . 398 4 

TABLE l l  �1-20 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Was ha k i e  
FORMAT I ON :  Lower Mesa V erde 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS RE{JD . TO PRODUCE 
< BCF ) ALL GAS 

47 8 . 3 1 8  

273 6 . 4 1 0  

72 1 8 . 029 

696 8 . 769 

266 1 2 .  1 58 

7 1  1 5 . 098 

2074 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX= I 2 J  ( BC F ) 

8 . 3 1 8  66 

6 . 4 1 0  395 

8 . 029 1 202 

8 . 769 1 5 1 3  

1 2 .  877  

1 2 .  27 1 

4324 



...... 
...... 
I ...... 

,j::. 
0 

TABLE l l - 1 2 1 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and  Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Ca se I 1 000 Ft . Fract u r e ]  

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  Lower Mesa Verde 

Advan ced Ca se 1 2000/4000 Ft . Fracture ] 

S u r face Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expe n se ( $/We l l )  

Compressor F ue l Cost , Rat i o  of Cost to 

W . I • Gas Reven u e  

20 , 000 

2 , 704 , 000 

1 88 , 000 - 1 , 064 , 000 
37 5 , 000 - 1 , 9 53 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



1-' 1-' 
I 

1-' 
ol::> 
1-' 

BAS I N  Grea t e r  G reen R i ve r  

S U B  BAS I N  Washa k i e  

GAS PR I CE 
CAS E NO . VHCF 

D i scoun t Rate 1 �/. 
OB3 3 1 1 1  I .  50 

21 2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scount Rate 1�/. 
1 2  I .  50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount Ra te 20% 
1 3  I .  50 
23 2 . 50 
33 3 .  1 0  
43 3 . 50 
53 5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE :  

PROF I T . 
PROSP .  
_____L_ 

0 

48 . 2  " 
59 . 9  

0 

27 . 4  
48 . 2  
59 . 9  

0 

2 7 . 4  
48 . 2  

c D 
0 . 03 0 . 0 1  

TJ\BL E  1 1 - 1 22 

ECONOM I CS SUMMARY 

FORMAT I ON Lowe r Mesa Verde 

AVERAGE PER PROSPECT 
K -LEVELS E & p GAS NET PRES . 
ON STREAM I NVEST . PROD . VALUE 
NO. VALUE * ..J!L_ _lli_ �M 

0 

4 " 
6 

0 

3 
4 
6 

0 

3 
4 

0 

CDE F  " 
CDEFGH 

0 

CDE 
COEF 
CDEFGH 

0 

CDE 
CDEF 

E F 

0 . 003 0 . 00 1  

3275 0 

1 1 983 6 . 325 " " 
1 3885 7 . 39 1  

3275 0 

8724 3 . 857 
1 1 983 6 . 325 
1 3885 7 . 39 1  

3275 0 

8724 3 . 857 
1 1 983 6 . 325 

G H 
0 . 0003 0 . 000 1 

- 1 8 33 

2436 " 
9075 

- 1 8 1 8  

26 
2503 
562 1 

- 1 803 

303 
3 1 70 

BAS I N  TOTALS 
DCF RATE 

OF RETURN GAS RECOVER . MAX RECOV . 
:& AT PR I CE,BCF G I P  BCF 

0 0 0 

20 . 0  1 737 3 1 76 
29 . 8 " " 
47 . 2 2074 4401 

0 0 0 

1 5 .  I 1 04 1  1 663  
29 . 8  1 737 3 1 76 
4 7 . 2  2074 440 1 

0 0 0 

22 . 7  1 04 1  1 663  
44 . 8  1 737 3 1 76 

TECHNOLOGY Biii�C 
DATE June 1 980 

WELLS 
MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVELOPMENT 

AT PR I CE '& DRY PROD . Q!!l PROD . TOTAL 

0 0 0 0 0 0 0 

275 48 . 2  1 42 1 33 1 60 638 1 07 1  " " " " " " " 
280 59 . 9  1 1 3 1 68 1 9 3  773 1 248 

0 0 0 0 0 0 0 

269 2 7 . 4  1 96 74 1 00 401  771 
275 48 . 2  1 42 1 33 1 60 638 1 07 1  
280 59 . 9  1 1 3 1 68 1 93 773 1 248 

0 0 0 0 0 0 0 

269 27 . 4 1 96 74 1 00 40 1  77 1  
275 48 . 2 1 42 1 33 1 60 6 38 I 071  



1-' 
1-' I 
1-' 
*'" 
1\J 

BAS I N  Grea ter Green R i ver  

SUB  BAS I N  \J;�c;h;�kiP 

GAS PR I C E  
CASE NO . VMCF 

D i scoun t Rate  l �k 
08332 1 1 I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
71  9 . 00 
8 1  1 2 . 00 

D i scount Rate l�k 
1 2  I .  so 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2�k 
1 3  I .  50 
23 2 . 50 
33 3 .  1 0  
43 3 . 50 
53 5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : 

PROF I T . 
PROS P .  
_x_ 

0 

46 . 7  
48 . 2 
64 . 3  

0 

25 . 9  
48 . 2  
59 . 9  

0 

46 . 7  
4 8 . 2  

C D 
0 . 03 0 . 0 1  

K-LEVELS 
ON STREAM 
NO. VALUE * 

0 

3 
4 
6 

0 

2 
4 
5 

0 

3 
4 

0 

DEF 
CDEF 
CDEFGH 

0 

DE 
CDEF 
CDEFG 

0 

DEF 
CDEF 

E F 
0 . 003 0 . 00 1  

TABLE  
ECONOMICS 

FORMAT I ON Lc�J�c t11i::aa �cede 
AVERAGE PER PROSPECT 

E & p GAS 
I NVEST. PROD . 
_w_ ...lli:_ 

3657 0 

23905 1 0 . 073 
24435 1 0 . 2 1 1  
357 1 1 1 4 . 23 1  

3657 0 

1 5556 5 . 467  
24435 1 0 . 2 1 1  
33555 1 3 . 46 1  

3657 0 

23905 1 0 . 073 
24435 1 0 . 2 1 1  

G H 
0 . 0003 0 :000 1 

NET PRE S .  
VALUE 
�M 

-2049 

5830 
1 0550 
22254 

-2030 

1 305 
6787 

1 4647 

-20 1 0  

43 1 5  
8632 

DCF RATE 
Of RETURN 

:& 
0 

29 . 0  
45 . 9  
7 1 . 9  

0 

22 . 7  
4 5 . 9  
72 . 5  

0 

45 .  1 
70 . 5  

1 1 - 1 23 
SUMMARY 

TECHNOLOGY Advanced 

DATE Jyne 1!;!80 

BAS I N  TOTALS WELLS 
HAX NO .  W I LDCAT 

GAS RECOVER • HAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
AT PR I CE,BCF G I P  BCF  AT PR I CE '& Q.!!Y. PROD . DRY PROD . TOTAL 

0 0 0 0 0 0 0 0 0 

3 1 1 0  3 1 1 0  308 46 . 7  1 64 1 44 384 1 536 2229 
3 1 76 3 1 76 3 1 1 48 . 2  1 6 1  1 50 398 1 589 2297 
4 324 440 1 304 64 . 3  1 09 1 96 544 2 1 76 3024 

0 0 0 0 0 0 0 0 0 

1 597 1 597 292 25 . 9 2 1 6  76 223 892 1 407 
3 1 76 3 1 76 3 1 1 48 . 2  1 6 1  1 50 398 1 589 2297 
4053 4062 30 1 59 . 9  1 2 1  1 80 5 1 1 2045 2858 

0 0 0 0 0 0 0 0 0 

3 1 1 0  3 1 1 0  308 46 . 7  1 64 1 44 384 1 5 36 2229 
3 1 76 3 1 76 3 1 1  48 . 2  1 6 1  I SO 398 1 589 2297 



TOTAL BAS I N  AREA ( SECT I ONS ) :  
TYPE : Lent i c u l a r + B l a n ket 

NGL < BBL/Mfv1C F ) :  2 5 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM .  AREA PORO S I TY TH I CKNESS 
(MD )  ( S ECT I ONS ) _Q) ( FT . ) 

I-' 
I-' 
I � 0 . 1  3 * * 

w 

0 . 03 1 1  

0 . 0 1  1 6  

0 . 003 1 3  

0 . 00 1 5 --

48 

TABLE l l - 1 24 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Grea ter Green R i ver 
SUBBAS I N : Washa k i e  
FORMAT I ON :  Lance,  Lew i s  + A l mond  

DEPTH ( FT .  ) : 1 2 , 000 
PRESSURE ( P S I A ) : 7200 
TEMPERATURE ( ° F ) : 240 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX. PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I V E 1 st W/C 2 n d  W/C 

58 . 28 39 * * * 

1 96 . 60 1 5 1  

3 1 8 . 78 253  

294 . 54 206 

1 48 . 35 86 

1 0 1 7  0 735  

* Refer  to i nd i v i d ua l  format i ons for  t hese data . 



TABLE  1 1 - 1 25 

� E L L  P R U D U C T I ON S U M M A R Y -- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R , W A S H A K I E  , L A N C E - L E W I S + A L M O N D  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E- A R  

1 1 0 0 0  7 7 3  6 1 9 5 0 0 4 3 3  

2 6 0 8  4 4 7  3 2 7  2 5 3  2 0 4  
I-' 
I-' 
I 

I-' 
.1::> 5 3 1 4 2 7 2 1 9 5 1 3 5  1 0 6  
.1::> 

1 0  1 6 2  1 7 1  1 3 6 9 1  6 6  

1 5  9 9  1 2 5  1 0 8  7 4  5 1  

2 0  7 0  9 1  9 1  6 4  4 3  

3 0  3 7  6 2  6 7  5 2 3 5  

3 0 - Y E A R 
c l.J f  :"' .  
P R O D . 5 3 1 9 5 1 5 9  4 2 2 9  3 0 6 9 2 3 1 0 

( M M C F ) 



TABLE l l - 1 26 

� E l l  P R O D U C T I ON S U M M A R Y -- A D V A N C E D  C A S E  

G R E A T E R G R E E N R I V E R ,  W A S H A K I E  , L A N C E - L E W I S + A L M O N D  

G A S  P R O D U C T I O N  ( M MC F I Y E A R / W E L L ) 

K • 0 . 3  0 . 1 0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A R  

1 1 4 3 9 1 5 6 2  1 2 9 1  1 0 8 1  8 8 2 

2 7 9 0  8 6 5  6 6 2 4 9 9 3 6 6  
I-' 
I-' 
I 

I-' 
� 5 4 4 9  5 0 5 3 8 8 2 8 2  2 0 1  
Ul 

1 0  2 6 3 3 1 2  2 6 5  1 9 3 1 3 3 

1 5  1 7 5  2 2 4  2 0 7 1 5 6  1 0 9  

2 0  1 3 1  1 5 6 1 7 2 1 3 5 9 4  

3 0  7 6  1 0 7  1 2 3 1 0 7  1 7  

3 0 - Y E A R 
C U !'\ M . 
P R O D . e 1 s o 9 5 0 9  8 2 9 0  6 4 0 0  4 6 5 0  

( � M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED � ( MD )  ALL GAS I MAX=4 l 

I 
I-' 
.t:> 
0"\ 

• 1 2 . 5 5  2 . 5 5  

. 03 2 .  77 2.  77  

. 0 1  3 . 66 3 . 66 

. 003 5 .  1 7  4 .  

. 00 1  7 . 04 4 .  

TABLE 1 1 - 1 27  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  Lance & Lew i s + A l mond 

RECOV ERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BC F ) ALL GAS 

39 1 . 66 

1 5 1 1 .  50 

253 1 .  87  

1 59 2 . 48 

49 3 . 50 

6 5 1 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY U S ED ACTUAL WELLS 

I MAX= 1 2 1  ( BC F ) 

1 . 66 39 

1 .  50 1 5 1  

1 . 87 253 

2 . 48 206 

3 . 50 86 

73 5 



...... 
...... 
I ...... 

.!::> 
-.....] 

TABLE 1 1 � 1 28 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

Base Ca se [ 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  La nce & Lew i s  + A l mond 

Ad vanced Cas e  [ 2000/4000 Ft . Fract u re ] 

S urface E q u i pment ( $/We I I )  

A n n ua l Operat i ng Expense ( $/We i I )  

Compres so r  Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Revenue  

20 , 000 

1 , 508 , 000 

3 1 6 , 000 
549 , 000 - 770 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



1--' 
1--' I 
1--' 
� 
co 

BAS I N  G rea ter  Green R i ve r  

SUB BAS I N  Washak i e  

PROF I T . 
GAS PR I C E  PROSP . 

CASE NO . VMCF __ % __ 

D i scoun t Ra te  1 �1. 
08341 1 1  I .  50 1 6 . 2  

2 1  2 . 50 5 7 .  1 
3 1  3 . 1 0  " 
41  3 . 50 66 . 5  
5 1  5 . 00 " 
6 1  7 . 00 " 
7 1  9 . 00 " 
8 1  1 2 . 00 " 

D i scoun t Rate  1�1. 
1 2  I .  so 4 . 1 
22 2. 50 3 7 . 9  
32 3 . 1 0  5 7 .  1 
42 3 . 50 " 
52 5 .  00 66 . 5  
62 7 . 00 " 
72 9 . 00 " 
82 1 2 . 00 " 

D i scount Rate 2�1. 
1 3  
23 
33 
43 
53 
63 
73 
83 

* CODE : 

1 .  50 0 
2 . 50 1 6 . 2 
3 .  1 0  37 . 9 
3 . 50 " 
5 . 00 66 . 5  
7 . 00 " 
9 . 00 " 

1 2 . 00 " 

B C D 
0 . 1 0 . 03 0 . 0 1  

K -LEVELS 
ON STREAM 
NO . VALUE * 

2 
4 " 
5 " " " 
" 

1 
3 
4 " 
5 " " " 

0 
2 
3 " 
5 " " 
" 

BC 
BCDE " 
BCDEF " " " 
" 

B 
BCD 
BCDE " 
BCDE F " 
" " 

0 
BC 
BCD " 
BCDEF " 
" " 

E F 
0 . 003 0 . 00 1 

TABLE 1 1 - 1 29 

ECONOMICS SUMMARY 

FORMAT I ON Laos;� l.s:r;i � " AJI!!Qod 

AVERAGE PER PROSPECT BAS IN TOTALS 
E & p GAS NET PRES . DCF  RATE 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 
....i!i.._ � �M % AT PR I C E,BCF G I P  BCF 

2628 2 . 283 - 6 1 8  1 . 2 0 0 
4467 7 . 384 1 398 2 3 . 1 602 649 " " 230 1  32 . 5 " " 
47 1 5 7 . 962 3 1 57 4 1 . 0  6 5 1  735 " " 5580 68 . 6  " " 88 1 0  1 06 . 7 " " 1 2040 1 4 3 . 9  " " 1 6884 1 96 . 6  

2055 4 . 4 1  -992 0 0 0 
3607 5 . 1 94 3 1 8  1 9 . 5  443 443 
4467 7 . 384 1 345 32 . 5 602 649 " " 1 809 39 .  1 " " 
4 7 1 5  7 . 962 3863 68 . 6  6 5 1  735 " " 6359 1 06 . 7  " " 8855 1 4 3 . 9  " " 1 2599 1 96 . 6  

1 95 1  0 - 1 077 0 0 0 
2628 2 . 283 -498 8 . 9  0 0 
3607 5 . 1 94 399 27 . 3  443 443 " " 682 32 . 6  " " 
47 1 5 7 . 962 2805 68 . 6  65 1 735 " " 4839 1 06 . 7  " " 6872 1 4 3 . 9  " " 992 1 1 96 . 6  

fECHNOLOGY Base 

DATE June 1980 

WELLS 
MAX NO .  W I LDCAT 
PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 

AT PR I CE � DRY PROD , DRY PROD . !.Q1Ah. 
0 1 6 . 2  0 0 0 0 0 

8 1  57 . 1 35 47 22 87 1 9 1 " " " " " " " 
8 1  66 . 5  27 54 24 97 202 

0 4 . 1 0 0 0 0 0 
86 3 7 . 9  53 33  1 5  60 1 6 1  
8 1  57 . 1 35 47 22 87 1 9 1 " " " " " " " 
8 1  66 . 5  27 54 24 97 202 

0 0 0 0 0 0 0 
0 1 7 . 2  0 0 0 0 0 

86 3 7 . 9  53 33  1 5  60 1 6 1  " " " " " " " 
8 1  66 . 5 27 54 24 97 202 



I-' 
I-' 
I 

I-' 
ol:» 
"' 

BAS I N  Grea ter  G reen R i ver  

SUB BAS I N  \Jashak i e 

GAS PR I C E  

�- VMC F 

D i s coun t Ra te l ifk 
08342 1 1  I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t  Rate I� 
1 2  I .  50 
22 2 . 50 
32 3 .  1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount Ra te 2ifk 
1 3  
23 
33  
43 
53 
63 
73 
83 

* CODE : 

I .  50 
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 . I 

PROF I T . 
PROS P . 

__ %_ 

37 . 9 
66 . 5  

" 
" 
" 
" 
" 
" 

3 7 . 9  
66 . 5  

" 
" 
I I  

" 
" 
" 

1 6 . 2  
57 .  I 
66 . 5  

" 
" 
" 
" 
" 

c D 
0 . 03 D . O I  

TAB L E  l l - 1 30 

ECONOM I CS SUMMARY 

FORMAT I ON ��n�� & Lew i s  + A l mond 

AVERAGE PER PROSPECT BAS IN TOTALS 
K -LEVELS E & p 

ON STREAM I NVEST . 
NO . VALUE * _w__ 

3 
5 
" 
" 
" 
" 
" 
" 

3 
5 
" 
" 
" 
" 
" 
" 

2 
4 
5 
" 
" 
" 
" 
" 

BCD 
BCDEF 
" 
" 
" 
" 
" 
" 

BCD 
BCDEF 
" 
" 
" 
" 
" 
" 

BC 
BCDE 
BCDEF 
" 
" 
" 
" 
" 

E 
0 . 003 

F 
0 . 00 1  

2935 
4056 

" 
" 
" 
" 
" 
" 

2935 
4056 

" 
" 
" 
" 
" 
" 

2624 
3745 
4056 

" 
" 
" 
" 
" 

GAS 
PROD . 

_g£__ 

5 . 1 65 
8 . 754 
" 
" 
I I  

I I  

I I  

" 

5 . 1 65 
8 . 754 
" 
" 
I I  

" 
I I  

" 

2 . 262 
7 - 76 1  
8 . 754 
" 
" 
" 
" 
" 

NET PRES . DCF RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV. 
�M 1 AT P R I C E,BCF G I P  BCF 

74 1 0 . 9  443 443 
2800 4 1 . 9  735 735 
4000 57 . 3  " " 
4801 6 7 . 9  
7802 1 07 . 6  

1 1 804 1 58 . 8  
1 5805 206 . 7  
2 1 808 272 . 4  

-255 1 0 . 9  0 0 
1 8 1 7  4 1 . 9  735 735 
2 763 57 . 3  " " 
3393 6 7 . 9  
5757 1 0 7 . 6  
8909 1 58 . 8  

1 2061 206 . 7  
1 6789 272 . 4  

-891 1 . 0 0 0 
984 38 . 5  649 649 

1 977 57 . 3 735 735 
2498 67 . 9  
4448 1 07 . 6  
7050 1 58 . 8  
965 1 206 . 7  

1 3552 272 . 4 

TECHNOLOGY Advanced 

DATE J une 1:,!80 

W E LLS 
MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVELOPMENT 

AT PR I C E  '& DRY EBQQ.. Q.!!Y. PROD . !.Q:ffih 

86 37 - 9  53  3 3  4 1 6  1 05 
84 66 . 5  28 55 1 2  48 1 43 " " " " " " " 

0 3 7 - 9  0 0 0 0 0 
84 66 . 5  28 55 1 2  48 1 4 3  " " " " " " " 

0 1 6 . 2  0 0 0 0 0 
84 57 .  I 36 48 1 0  39 1 3 1  
84 66 . 5  28 55 1 2  48 1 43 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket + Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
(MD ) < SECT I ONS ) �) ( FT . ) 

I-' 
I-' � 0 . 03 2 * * 
U1 

0 0 . 0 1  1 1  

0 . 003 24 

0 . 00 1 23 

0 . 0003 1 1  

0 . 000 1 4 
--

75 

TABLE l l - 1 3 1 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : Washa k i e  
FORMAT I ON :  A l mond + Lower Mesaverde 

DEPTH < FT . ) :  1 4 , 500 
PRESSURE (PS l A ) : 8700 
TEMPERATURE ( ° F ) : 27 7 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST l MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERABLE THAT STAT E OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) < BCF ) PRODUCT I V E 1 st W/C 2nd  W/C 

42 . 1 0 30 * * * 

239 . 88 1 66 

69 1 . 28 460 

858 . 33  538 

533 . 07  302  

208 . 70 1 1 2 

2573 . 1 608 

* Refer  to i nd i v i d ua l  f ormat i ons for these data . 



K 1: 0 . 3  
Y E A. R 

l 

f-' 2 
f-' 

I 
f-' 
lJl 

5 f-' 

1 0  

1 5  

2 0  

3 0  

3 0 - YE: A R  
C U F- 1'1 . 
P I<. C D . 

( M M C F ) 

TABLE l l - 1 32 

� � L L  P R O D U C T I O� S U M M A R Y - - B A S E  C A S E  

G R f A T E R  G R F E N R I V E R , W A S H A K I E  , L O W E R  M E S A V E R D E  + A L M O N D  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L ) 

O . l o . o 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

8 4 7  7 5 3  7 0 1  6 4 6 5 6 7  

4 2 9  4 2 2  4 0 1  3 7 4 3 3 4  

2 0 8  2 3 8  2 4 4  2 3 2  2 0 9  

1 2 C 1 4 5 1 6 0 1 6 1  1 4 6 

8 f:  1 0 6 1 2 1  1 2 4  1 1 6  

6 9  e 3  9 7  1 0 4  9 7  

5 0  5 7 6 9  7 6 7 5  

4 2 2 9  4 6 2 0  4 8  79 4 8 4 9 4 4 3 9 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

5 1 7  

3 0 9 

1 9 5 

1 3 6  

1 0 8  

9 0 

6 9  

4 1 2 0  



TABLE  1 1 - 1 33 

W E L L P R O D UC T I O N S U M M A R Y--AD V A N C E D  C A S E  

G R E A T � R G R E E N  R I V E R , W A S H A K I E  , L O W E R  M E S A  V E R D E  + A L M O N D  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 1 5 1 0  1 4  2 7  1 4 3 5  1 3 5 3  1 2 9 1  1 2 0 3  

2 6 7 7  7 8 7  7 7 6  7 6 2  7 2 6  6 9 0  
t-' 
I-' 
I 

t-' lJl 5 3 6 4 4 2 7  4 3 3  4 4 5 4 3 3 4 1 9  
N 

1 0  2 3 7  2 6 3  2 6 8 2 8 5  2 8 3  2 8 1  

1 5 1 8 1  1 9 5  1 9 9  2 1 5  2 1 4  2 1 4  

2 0  1 4 5 1 5 4 1 5 7 1 7 0 1 6 8  1 7 3  

3 0  1 0 5  1 0 9 1 1 2  1 2 0  1 2 0 1 2 5  

3 0 - Y E A R 
C LJ M M . 
P R u D . 7 8 6 0  8 5 0 9 8 6 0 0  8 8 9 9 8 6 6 0 8 5 2 9  

( M M C F ) 



BASE CASE 
N UMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS [ MAX=4 1 

1--' 
1--' 
I 

1--' 
Ul . 03 3 .  1 5  3 .  1 5  
w 

. o 1 3 . 42 3 . 42 

. 003 3 . 93 3 . 93 

. 00 1  4 .  77 4 .  

. 0003 6 . 04 4 

• 000 1 7 . 24 4 • 

TABLE ll - 1 34 

PRODUCT I ON WE L L  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Washa k i e  
FORMAT I ON :  A l mond + Lower Mesa V erde 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON W E L LS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS [ MAX= 1 2 1  

30 1 . 70 1 .  70 

1 66 1 . 86 1 . 86 

460 2 . 23 2 . 23 

4 5 1  2 . 60 2 . 60 

200 3. 1 0  3 .  1 0  

62 3 . 50 3 . 50 

1 369 

CASE 
RECOV ERABLE 

GAS FROM 
ACTUAL WEL LS 

< BCF ) 

30 

1 66 

460 

538 

302 

1 1 2 

1 608 



f--' 
f--' 
I 

f--' 
(Jl 
.!::> 

TABLE l l - 1 35 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and  Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Was ha k i e  
FORMAT I ON :  A l mond + Lower Mesa Verde 

Ad va n ced Ca se 1 2000/4000 Ft . Fracture ) 

S u r f ace Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

2 , 704 , 000 

302 , 000 - 1 , 1 7 7 , 000 
722 , 000 - 2 , 300 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



1-' 
1-' 
I 

1-' 
lJl lJl 

BAS I N  Gc�ate r G reen R i ve r  

SUB BAS I N  Washak i e  

GAS PR I CE 
CASE NO . VMCF 

D i scount  Ra te l �k 
08351 1 1  I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i s coun t  �ate 1�k 
1 2  I .  50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
5 2  5 . 00 
62  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i s coun t  Rate 2�/o 
1 3  1 .  50 
23 2 . 50 
33 3 . 1 0  
43 3 . 50 
53 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* COD E :  

PROF I T . 
PROSP .  

__ % __ 

0 
" 

50 .0  
6 1 . 4  
6 5 . 5  

" 

" 

" 

0 
0 
" 

28 . 6  
6 1 . 4  
65 . 5 

" 

" 

0 
0 

50 .0  
65 . 5  

" 

" 

C D 
0 . 03 0 . 0 1  

TABLE  l l - 1 36 

ECONOM I CS SUMMARY 

FORMAT I ON Al mond + Lowe r Mesa Verde 

AVERAGE PER PROSPECT BAS I N  TOTALS 
K -LEVELS E & p GAS 
ON STREAM I NVEST . PROD . 
NO . VALUE * _w__ � 

0 
" 

4 
5 
6 
" 

" 

" 

0 
0 
" 

3 
5 
6 
" 

" 

0 
0 

4 
6 
" 

" 

0 
" 

CDEF 
CDEFG 
CDEFGH 
" 

" 

" 

0 
0 
" 

C DE 
CDEFG 
CDEFGH 
" 

" 

0 
0 

CDEF 
CDEFGH 
" 

" 

E 
0 . 003 

F 
0 . 00 1  

3347  0 
" " 

7567 8 . 250 
7966 9 . 393 
80 1 2  9 . 658 

" " 

" " 

" " 

3347 0 

6 3 1 5  5 . 1 20 
7966 9. 393 
80 1 2  9 . 658 

" " 

" " 

3347 0 
" 0 

7567 8 . 250 
80 1 2  9 . 658 

" " 

" " 

G H 
0 . 0003 0 . 000 1 

NET PRE S .  DCF  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV . 
�M % AT PR I C E,BCF G I P  BCF 

- 1 870 0 0 0 
" " " " 

1 065 1 5 . 5  1 1 08 1 1 94 
2 1 37 2 0 . 9  1 307 1 496 
4890 36 .  I 1 369 1 608 
8384 5 5 . 8  " " 

1 1 878 75 . 2 " " 

1 7 1 20 1 03 . 3 

- 1 852 0 0 0 

- 296 1 2 . 6 0 0 
2723 34 . 9  1 307 1 496 
5450 5 5 . 8  1 369 1 608 
8029 75 . 2  

1 1 897 1 03 . 3 

- 1 834 0 0 0 

1 1 76 3 1 . 1  I I  08 1 1 94 
3 7 1 4  55 . 8 1 369 1 608 
5734 75 . 2  
8763 1 03 . 3  

TECHNOLOGY Base 

DATE J une 1 98S 

WELLS 
MAX NO .  W I LDCAT 
PROS P ,  SUCC ESS W I LDCAT DEVELOPMENT 

AT PR I CE % m !:�!QQ.. DRY PROD . TOTAL 

0 0 0 0 0 0 0 
" " " " " " " 

1 35 50 . 0  6 7  67 37 1 46 3 1 6  
1 39 6 1  . 4 53 86 4 1  1 63 343 
1 4 1  65 . 5 49  92 42 1 67 35 1  

" " " 

" " " 

0 0 0 0 0 0 0 

0 28 . 6 0 0 0 0 0 
1 39 6 1  . 4 53 86 4 1  1 6 3  343 
1 4 1  65 . 5 49 92 42 1 67 35 1  

0 0 0 0 0 0 0 

1 35 50 . 0 67 67 37 1 46 3 1 6  
1 4 1  65 . 5 49 92 42 1 67 35 1  



TABL E  1 1 - 1 37 

Greater G reen R i ve r  
ECONOMICS SUMMARY 

BAS I N  fECHNOLOGY Advanced 

SUB BAS I N  Washak i e  FORMAT I ON A l mond + Lower Mesa  Verde DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . DCF RATE MAX N O .  W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE Of RETURN GAS RECOVER . MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . VMCF __ % __ NO . VALUE * _w__ _ill_ �M % AT PR I C E,BCF G I P,BCF  AT  PR I CE � DRY PROD . DRY PROD . � 
D i scount  Rate l ifk 
08352 1 1  I .  50 0 0 0 3958 0 -22 1 5  0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 6 1 . 4  5 CDEFG 6692 1 0 . 687 2 1 39 23 . 3  1 496 1 496 1 40 6 1 . 4 54 % 2 1  80 24 1  
3 1  3 .  1 0  65 . 5  6 CDE FGH 6757 1 1 . 1 62 373 1  33 . 9 1 6o8 1 608 1 44 65 . 5 50 95 2 1  83 250 
41 3 . 50 " " " " " 465 1 40 .  1 
5 1  5 . 00 " " " " " 8 1 02 64 . 0  
6 1  7 . 00 " " " " " 1 2702 95 . 4  
7 1  9 . 00 " " " " " 1 7303 1 25 . 9 
8 1  1 2 . 00 " " " " " 24205 1 69 . 5  

...... D i scount  Rate l�k ...... 1 2  I .  50 0 0 0 3958 0 -2 1 9 1 0 0 0 0 0 0 0 0 0 0 
I 22 2 . 50 50 . 0  4 CDEF 6 1 90 8 . 90 1 481  1 9 . 0  1 1 94 1 1 94 1 34 50 . 0 67 67  1 6  66 2 1 6  ...... 3 2  3 .  1 0  6 1  . 4  5 CDEFG 6692 1 0 . 687 2004 32 . 0  1 496 1 496 1 40 6 1 . 4  54 86 2 1  80 24 1 

Ul 
42 65 . 5  6 CDEFGH 6757 1 1 .  1 62 2909 40 . 1 1 608 1 608 1 44 65 . 5  50 95 2 1  83 250 

0'1 3 . 50 
52 5 . 00 " " " " " 5535 64 . 0  
6 2  7 . 00 " " " " " 9037 95 . 4 
72 9 . 00 " " " " " 1 25 39 1 25 . 9  
82 1 2 . 00 " " " " " 1 7792 1 69 . 5  

D i scount Ra te 20% 0 1 3  I .  50 0 0 0 3958 0 - 2 1 65 0 0 0 0 0 0 0 0 0 

23 2 . 50 28 . 6 2 DE 523 1  5 . 1 08 - 944 9 . 3  0 0 0 28 . 6  0 0 0 0 0 

33 3 .  1 0  50 . 0  4 CDEF 6 1 90 8 . 901  583 26 . 3 1 1 94 1 1 94 1 34 50 . 0 67 67  1 6  66 2 1 6  

43 3 . 50 6 1  . 4  5 CDEFG 6692 1 0 . 687 1 660 38 . 0 1 496 1 496 1 40 6 1 . 4  54 86 2 1  8o 241  

53  5 . 00 65 . 5 6 CDEFGH 6757 1 1 .  1 6 2  3956 64 . 0  ! 608 1 608 1 44 65 . 5 50 95 21 83 250 

6 3  7 . 00 " " " " " 6766 95 . 4  
73 9 . 00 " " " " " 9576 1 25 . 9  
83 1 2 . 00 " " " " " 1 379 1  1 69 . 5  

* COD E :  C D E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 001  0 . 0003 0 . 000 1 



TOTAL BAS I N  AREA ( S ECT I ON S ) :  
TYPE : Lent i c u l a r 

NG L ( BB L/MMC F ) : 25 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM . AR EA POROS I TY TH I CKNESS 

I-' ( MD )  ( S ECT I ONS ) ( % )  ( FT . ) 
f-' 
I 

I-' 
lJl 
-....] 0 . 03 6 5 . 0 30 

0 . 0 1  2 1  4 . 4 40 

0 . 003 7 3  3 . 9 55  

0 . 00 1 1 04 3 . 5  72 

0 . 0003 83 3 .  1 1 00 

0 . 000 1 1 8  2 . 8 1 30 

305 

TABLE 1 1 - 1 3 8 

GEO LOG I CAL DATA SUMMARY 

BAS I N : G reater G reen R i ve r  
S U BBAS I N : E / 2  Lew i n  4 
FORMAT I ON :  Mes a v e r d e  

E S T  ! MAT ED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RES ERVO I R  COND . GAS 

< BC F )  ( BC F ) 

7 8 . 2 4  6 3  

3 2 1 . 72 239 

1 363 . 64 933 

2 2 7 9 . 68 1 4 3 5  

2 2 4 0 . 1 7  1 3 1 1 

5 7 0 . 06 309 

68 54 . 4 290 

DEPTH ( FT .  ) : 1 1  , 500 
PRE S S URE C P S I A ) :  7468 
TEMPERATUR E  ( ° F ) : 2 1 6  

FOR E ACH DR I L L I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE O F  PRODUCT I V E ,  G I VEN THAT 
NATURE I S  STATE OF NATURE I S  P ROD 

PRODUCT I V E I st W/C 2 n d  W/C 

0 . 20 1 . 0 

0 . 3 5  1 . 0 

0 . 4 5  1 . 0 

0 . 5 5 1 . o  

0 . 6 5  1 . o  

0 . 80 1 . o  



K • 0 . 3 0 . 1 
Y E A R  

1 

2 I-' I-' I I-' 
Vl 5 
co 

1 0  

1 5  

2 0  

3 0  

3 0 - Y F. A R  
C U I" I'I . 
P R O D . 

U '� M C F ) 

TABL E  1 1 - 1 39 
W f l l  P R O D U C T I O� S U � M A R Y - - B A S E  C A S E  

G R E A T E R G R E E N P I V E R ,  E / 2  O F  L E W I N  4 ,  M E S A  V E R D E  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

6 7 2  5 0 1  3 5 6  2 5 2  1 7 8 

2 8 1  2 4 7  1 8 4  1 3 1  9 3  

8 7  1 1 1  1 0 2  7 5  5 3  

2 8  5 1  5 9  5 0  3 6  

1 2  3 0  4 2  3 7  3 0  

6 1 8  3 1  3 2  2 5 

2 9 1 9  2 3  2 0  

1 7 2 9  1 9 5 0 1 9 2 9  1 5 9 0  1 1 8 9 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  

1 1 6 

6 1  

3 5  

2 4  

1 9  

1 7  

1 3  

7 8 9  



TABLE  l l - 1 40 

� E L L  P R O D U C T I O � S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E P  G R E E N  R I V l R ,  E / 2  O F  L E W I N  4 ,  M E S A  V E R D E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1  0 . 0 3 0 . 0 1  0 . 0 0 3 0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 00 0 0 1 ( M D )  
Y t A F<  

1 7 9 5  6 2 0  4 6 8  3 7 8  2 9 1 1 9 2 

t-' 2 1 5 2 2 5 8 2 2 7  1 6 9 1 2 5  8 3  t-' I t-' U1 1.0 5 2 5  9 0  1 1 0  8 2  6 6  4 7  

1 0  6 3 3  5 4 4 5  3 8  3 2  

1 5  3 1 6  3 3  3 0  2 5  2 4  

? 0  1 1 0  2 2  2 1  1 9  1 9  

3 0  0 4 1 1  1 2  1 1  1 4  

3 0- Y E A R 
C lJ M r-' . 
P k O D . 1 1 7 9 1 7 4 0  1 9 3 9 1 6 1 9 1 2 8 0 1 0 3 0  

( t"1 M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERrv1 . REQD . TO PRODUCE ACTUALLY US ED 
( MD )  ALL GAS ! MAX=4 1 

t-' 
t-' � . 03 6 . 07 4 
0'\ 
0 

• 0 1  5 . 83 4 

. 003 6 . 62 4 

. 00 1  8 . 69 4 

. 0003 1 3 . 28 4 

. 000 1 2 1 . 76 4 

TABLE 1 1 - 1 41 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  Mesa V erde 

RECOV ERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL W E L LS RE\)D . TO PRODUCE 
( BCF ) ALL  GAS 

43 8 . 90 5 

1 67 6 . 540 

569 6 . 5 9 1  

660 8 . 524 

393 1 2 . 34 

56 1 6 . 67  

1 888 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WEL LS 

! MAX= 1 2 1  U: 3CF ) 

8 . 90 5 63 

6 . 540 2.39 

6 . 59 1 933 

8 . 524 1 43 5  

1 2 . 0  1 272  

1 2 . 0  222 

4 1 64 



I-' I-' I I-' 0"\ I-' 

TABLE l l - 1 42 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Ca se I 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  Mesa V erde 

Advan ced Ca se [ 2000/4000 Ft . Fracture ] 

S u rface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We l l )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue  

20 , 000 

1 , 34 2 , 000 

1 7 7 , 000 - 688 , 000 
3 52 , 000 - 1 , 490 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TAB LE  1 1 - 1 43 

ECONOM I CS SUMMARY 
BAS I N  Green R i ve r  TECHNOLOGY Base 

SUB BAS I N  C-... �--- )/7 I Pwin 4 FORMAT I ON tli::iia �er:Cc DATE J une 1960 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . DCF RATE MAX N O. W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP . SUCC ESS W I LDCAT DEVELOPMENT 
CASE NO. VMC F  � NO . VALUE * ..1!:L_ _ill_ �M 1 AT PR I CE,BCF G I P,BCF AT PR I CE & Q!!! PROD . !!!!! PROD . TOTAL 

D i scoun t Ra te l ifl. 
08411 I I  I .  50 0 0 - 1 87 1  0 - 1 059 0 

2 1  2 . 50 . 6  1 c 1 907 0 - 1 04 3  0 - - - . 6  
3 1  3 . 1 0  1 5 . 4 3 CDE 337 1  0 -530 4 .  1 - - 1 5 . 4  
4 1  3 . 50 " " " " " - 379 5 . 8  - - - 1 5 . 4  
5 1  5 . 00 3 1 . 5  4 CDEF 4695 3 . 523 827 1 7 . 3  1 4 39 2670 408 3 1 . 5  280 1 28 1 4 1  566 1 1 1 7  
6 1  7 . 00 50 . 0  5 CDEFG 67 1 7 5 . 083 282 1 30 . 6  1 832 3981 36 1  50 . 0 1 80 1 80 e 1 3 8 1 3  1 376 
7 1  9 . 00 " " " " " 4494 4 3 . 3 " " " 50 . 0  " " " " " 
8 1  1 2 . 00 56 . 3  6 CDEFGH 6944 5 . 234 7 1 92 62 . 4  1 888 4290 " 56 . 3 1 58 203 2 1 1 844 1 4 1 6  

....... D i scoun t Rate 1�1. ....... 1 1 2  1 .  50 0 0 1 87 1  0 - 1 053  0 
....... 22 2 . 50 0 0 1 87 1  0 - 1 053  0 
0'\ 32 3 . 1 0  2 . 0  2 CD 1 987 0 -997 0 - - - 2 . 0  
N 42 3 . 50 " " " " " -983 0 - - - 2 . 0  

52  5 . 00 1 5 . 4 3 CDE 337 1  " -201  1 2 . 0  - - - 1 5 . 4  
62 7 . 00 3 1 . 5  4 CDEF 4695 3 . 523 1 087 28 . 2  1 4 39 2670 408 3 1 . 5  280 1 28 1 4 1  566 1 1 1 7  
72 9 . 00 50 . 0  5 CDEFG 67 1 7 5 . 083 2 728 4 3 . 3 1 832 398 1 36 1 50 . 0  1 80 1 80 203 8 1 3  1 3 76 
82 1 2 . 00 

" " " " II 4558 6 1 . 6  

D i scoun t  Ra t e  2iflo 
1 3  1 .  50 0 0 - 1 87 1  0 - 1 046 0 
23 2 . 50 0 0 " " - 1 046 0 
3 3  3 . 1 0  . 6  1 c 1 907 " - 1 03 1  0 - - - . 6  
43 3 . 50 2 . 0 2 CD 1 987 " -992 0 - - - 2 . 0  
53  5 . 00 1 5 . 4  3 CDE 337 1  " -427 1 2 . 0  - - 1 5 . 4  
63 7 . 00 3 1  . 5  4 CDEF 4695 3 . 523 . 528 28 . 2 1 439 2670 408 3 1 . 5  280 1 28 1 4 1  566 1 1 1 7 
73 9 . 00 " " " " " 1 22 3  38 . 9 " " " " " " " " " 
83 1 2 . 00 50 . 0  5 CDEFG 67 1 7 5 . 083 3 1 34 6 1 . 6  1 832 3981 36 1 50 . 0  1 80 1 80 203 8 1 3 1 376 

* CODE : C D E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 



TABLE l l - 1 44 
ECONOM I CS SUHHARY 

BIIS I N  Green R i ve r  TECHNOLOGY Advanced 

SUB BAS I N  ���t�rn 1/7 IPwin U FORMAT I ON Mesa �e[de DATE Juoe 19!!0 

AVERAGE PER PROSPECT BAS IN  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES .  OCF  RATE HAX N O .  W I  LOCAl 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • HAX RECOV , PROS P ,  SUCCESS W I  LOCAl DEVE LOPMENT 
CASE N O .  VMCF _x__ NO . VALU E * _w_ � �M % AT PR I C E,BCF G I P  BCF  AT  PR I CE % D RY PROD . DRY PRQ!!_,_ TOTAL 

D i scoun t Rate l �lo 
084 1 2 1 1 I .  50 0 2228 - 1 26 0  0 

2 1  2 . 50 0 " - 1 26 0  0 
3 1  3 . 1 0  1 4 . 8  2 DE 4859 -4 9 1  5 . 3  
4 1  3 . 50 " " " " " -2 5 1  7 . 6  
5 1  5 . 00 3 1 . 5  4 COEF  87 1 0 5 . 856 2 1 27 24 . 7  2670 2670 456  3 1 . 5 3 1  3 1 4 3 3 1 4  1 2 56 2 026 
6 1  7 . 00 50 . 0  5 CDEFG 1 7988 1 0 . )88 7 1 2 9 4 1 . 4  3942 3942 379 50 . 0  1 90 1 90 559 2 2 37 .3 1 76 
7 1  9 . 00 " " " " " 1 1 297 6 1 . 5 " " " " " " " " " 

8 1  1 2 . 00 56 . )  6 C OE FGH 1 96 09 1 1  . 0 32  1 8 1 93 88 . 7 4 1 64 4 1 64 377 56 . )  1 65 2 1 3  599 2 395 3372 

1--' D i s coun t Rate l �lo 
1 2  I .  50 0 2228  - 1 250  0 1--' 

2 . 50 "' " - 1 250  0 I 2 2  
1--' 3 2  3 . 1 0  " " - 1 250  0 
0'\ 42 3 . 50 1 . 4  I 0 2 395 - 1 1 86 0 
w 5 2  5 . 00 1 5 . 4  3 CDE 4937 2 . 95 4  1 3 3 1 6 . 6 1 2 35  1 2 35 4 1 8 1 5 . 4 354  64 1 2 7 509 1 055 

62 7 . 00 3 1 . 5  4 COEF  87 1 0  5 . 856 2892 41 . 2 2670 2670 456  3 1 . 5  3 1 3  1 43 3 1 4  1 2 56 2026 
72  9 . 00 50 . 0 5 CDEFG 1 7988 1 0 . 388 7435 6 1 . 5 3942 3942 379 50 . 0  1 90 1 90 559 2237 3 1 76 
8 2  " " " " " 1 2079  90 . 2  " " " " " " " " " 

1 2 . 00 

D i scoun t Ra te 20% 
1 3  l .  50  0 2228 - 1 2 39  0 
23 2 . 50 0 " - 1 239  0 
33 3 . 1 0  0 " - 1 2 39 0 
43 3 . 50 0 " - 1 2 39 0 
53 5 . 00 1 5 . 4  3 CDE 4937 -2 1 7  1 6 . 6 
6 3  7 . 00 3 1 . 4  4 CDEF  87 1 0  5 . 856 1 84 1  4 1  . 2  2670 2670 456 3 1 . 5  3 1 3  1 4 3 3 1 4  1 2 56 2026 

9 . 00 " " " " I I  3276 56 . 8  " " " " " " " " " 
73 
83  1 2 . 00 50 . 0  5 C DEFG 1 7988 1 0 . )88 8 7 1 6  90 . 2 3942 3942 379 50 . 0  1 'l0 1 90 559 2237 3 1 76 

* CODE : C 0 E F G H 
0 . 03 0 . 0 1  0 . 00 3  0 . 0 0 1  0 . 0003 0 . 000 1 



TOTA L BAS I N  AREA ( SECT I ONS ) :  

I-' 
I-' 
I 

I-' 
0"1 

TYPE : Lent i c u l a r 

NGL ( BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD )  ( SECT I ONS ) 

""" 0 . 03 3 

0 . 0 1  1 2  

0 . 003 43 

0 . 00 1 6 1  

0 . 0003 48 

0 . 000 1 1 1  
--

1 78 

H/C GAS 
POROS I TY 

< % ) 

5 .0 

4 . 4 

3 . 9 

3 . 5 

3 .  1 

2 . 8 

NET PAY 
TH I CKNESS  

C FT . )  

25  

3 5  

5 0  

7 2  

1 05 

1 50 

TAB LE l l - 1 45 

GEOLOG I CAL DATA S UMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : E/2 Lew i n  4 
FORMAT I ON :  Ft . U n i on 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

C BCF ) C BCF ) 

30 . 5 1  26 

1 49 . 7 6  1 1 3 

68 1 • 98 454  

1 25 1 . 72 7 74 

1 268 .64  732  

374 . 5 5  1 99 

37 56 . 2298 

DEPTH ( FT . ) :  8000 
PRESSURE (P S I A ) :  5630 
TEMPERATURE ( ° F ) : 1 89 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2 n d  W/C 

0 .  1 5  1 . 0 

0 . 2 5  1 . 0 

0 . 3 5  1 . o 

0 . 4 5  1 . o 

0 . 60 1 . o  

0 . 7 0  1 . 0 



TABLE  1 1 - 1 46 

W E L L  P R O D U C T I O N S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R , E / 2  O F  L E W I N  4 ,  F O R T U N I O N 

G A S  P RO D U C T I O N  C M M C F / Y E A R / W E L L ) 

K "' 0 . 3  0 . 1  0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( HO )  
Y E A R  

1 5 7 4 3 6 4 2 6 8 2 1 0 1 5 5 1 1 1  

f--' 2 2 3 t- 1 8 5  1 3 8  1 0 9 8 2  5 8  
f--' 
I 

f--' 
0"\ 5 7 0  8 6  7 7  6 2  4 6  3 5  U1 

1 0  2 2 4 4  4 9  4 2  3 2  2 3  

1 5  1 0  2 7  3 4  3 3  2 6  1 8  

2 0  5 1 8  2 7  2 6  2 3  1 6  

3 0  2 9 1 8  2 1  1 8  1 2  

3 0- Y E A R  
C U M M . 
P R O D . 1 4 2 9  1 5 7 0 1 5 3 9 1 3 5 9 1 0 4 9  7 6 0 

C M M C F ) 



TABLE  l l - 1 47 

w E L L  P R O D U C T I ON S U M M A R Y --A D V A NC E D  C A S E  

G R E A T E R  G R E E N  R I V E R , E / 2  O F  L E W I N  4 ,  F O R T UN I O N 

G A S  P R O D U C T I O N  ( M MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1 o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  
Y E A R 

1 7 4 4  4 3 2  3 4 4 3 2 9  2 6 1  1 8 5  

I-' 2 
I-' 

1 8 8  1 9 6  1 70 1 4 6 1 1 3  8 1  
I 

I-' 
0'1 
0'1 5 3 5  7 7  8 2  7 7  6 1  4 6  

1 0  9 3 2 4 7  4 5  3 6  3 1  

1 5  4 1 7  2 9  2 9  2 5  2 4  

2 0  2 1 1  2 1  2 1  1 9  1 9  

3 0  1 4 1 2  1 3  1 1  1 5  

3 0 - Y E /ll< 
C u f'I M . 
P R O D . 1 2 5 0 1 4 2 9  ( M M C f ) 1 5 9 0  1 4 7 9 1 2 1 9 1 0 2 0  



TABLE 1 1 - 1 48 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  Ft . Un i on 

BASE CASE ADVANCED CASE  
NUMBER OF NUMBER OF RECOV ERAB LE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WE L LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 

f-' CMD )  ALL GAS [ MAX=4 1 C BC F )  ALL GAS [ IVlAX= 1 2 1  C BC F )  
f-' I f-' � . 03 6 . 065 4 20 6 . 934 6 . 934 26 -....] 

. 0 1 5 . 9979 4 80 6 . 590 6 . 5 90 1 1 3 

. 003 6 . 860 4 263 6 . 640 6 . 640 454 

. 00 1 9 . 336 4 325 8 . 579  8 . 579  7 7 4  

. 0003 1 4 . 537 4 1 98 1 2 . 5 1 0  1 2 .  703 

. 000 1 23 . 804 4 34 1 7 . 736 1 2 .  1 33 

920 2203 



I-' 
I-' 

I 
I-' 
0'\ 
00 

TABLE l l - 1 49 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and  Geop hys i cs ( $/Pros pect ) 

Dr  i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Ca se [ 1 000 Ft . Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  Ft . U n i on 

Ad va nced Case [ 2000/4000 Ft . Fracture ) 

Surface Eq u i pment ( $/We i I )  

An n u a l Operat i ng E x pense ( $/We i I )  

Compressor Fue l Cost,  Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

593 , 000 

1 59 , 000 - 7 7 5 , 000 
3 1 7 , 000 - 1 , 6 52 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE 1 1 - 1 50 
ECONOM I C S  SUMMARY 

BAS I N  Green R i ver  TECHNOLOGY Base 

SUB BAS I N  Eastern  1/2 + Lew i n  � FORMAT I ON F t . Un i on DATE June 1980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . OCF  RATE MAX NO . W I LDCAT 

GAS PR I CE PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS  W I  LOCAl DEVE LOPMENT 
CASE N O . �/MCF __ % __ NO .  VALUE -1< ..J.!i._ � �H % AT PR I C E,BCF G I P  B C F  A T  PR I CE % DRY PROD . DRY PROD . TOTA L 

D i scoun t Ra te 1 �/o 
o842 I 1 I I .  50 0 0 I I  I 8 0 -6�� 0 0 0 0 0 0 0 

2 1  2 . 50 I I . 3 3 C D E  I 706 " - 3 3 2  3 . 2  - - " " " " " " 
3 1  3 . 1 0  2 5 . 3 � CDEF 2520 2 . 66 5  I I � I I .  7 688 1 367 257 2 5 . 3  1 92 65 85 338 68 1 
4 1  3 . 50 " " " " " 2 9 1  I � .  3 " " " " " " " " " 
5 1  5 . 00 4 1 . 3 5 C D E FG 3 9 1 0  4 . I 90 1 4 52 26 . 8  886 2099 2 1 2  � 1 . 3  1 2 � 8 7  1 2 3 �92 827 
6 1  7 . 00 " " " " " 2 7 5 7  � I . �  " " " " " " " " " 
7 1  9 . 00 �6 . 2  6 C D E FG H  � 0 5 5  4 . 3 1 5  � I  7 7  55 . 7  906 2 2 1 8  2 1 0  �6 . 2 1 1 3  97 1 2 7 506 8 � 3  
8 1  1 2 . 00 " " " " " 6 1 96 7� . 6 

D i scoun t Rate  1 �/o 
1-' 

I 2 I .  50 0 0 1 1 1 8 0 - 6�5 0 0 0 0 0 0 0 
1-' 2 2  2 . 5 0  1 1 . 3 3 CDE 1 706 " - � 3 9  3 . 2 

I 3 2  3 . 1 0  " " " " " - 33 5  6 .  I 
1-' 42 3 . 50 2 5 . 3  � C D E F  2 5 2 0  2 . 665 - 30 I � . 3 - " - " I I  . .  . ,  . .  
"' 5 2  5 . 00 " " " " " � 5 1  2 � . 0  688 1 36 7  2 5 7  2 5 . 3  1 9 2 6 5  ; as 3 38 6 8 1  
1.0 6 2  7 . 00 � 1 .  3 5 C D E FG 39 1 0  � - 1 90 1 6 59 � 1 . � 886 2099 2 1 2  � 1 . 3  1 2 � 8 7  1 2 3 �92 8 2 7  

7 2  9 . 00 " " " " " 259� 5� - 9  " " " " " " " " " 
8 2  1 2 . 00 �6 . 2  6 C O E FG H  � 0 5 5  � . 3 1 5  � 1 1 6  7� . 6 906 2 2 1 8  2 1 0  � 6 . 2 1 1 3  9 7  1 2 7 506 8 4 3  

D i scount  Ra te 2�/o 
I 3 I . 50 0 0 I I  1 8  0 -64� 0 0 0 0 0 0 0 
2 3  2 . 50 1 .  7 I c 1 2 2� " -600 0 -
3 3 3 . 1 0  I I .  3 3 C D E  1 706 " - � 2 0  6 . I 363 593 
''3 3 . 5 0  " " " " " - 36 5  8 . 0  363 593 

5 3 5 . 00 2 5 . 3 � COEF  2 5 2 0  2 . 66 5  1 58 24 . 0  688 1 36 7  2 5 7  2 5 . 3  1 92 6 5  85 338 6 8 1  
6 3  7 . 00 4 1 . 3 5 C D E FG 3 9 1 0  4 . 1 90 1 0 3 3  � I . � 886 2099 2 1 2  � 1 . 3  1 2 � 8 7  1 2 3 �92 8 2 7  
7 3  9 . 00 " " " " " 1 756 54 . 9  " " 
8 3  1 2 . 00 " " " " " 2 8 1 6  7 3 . 2 

* C ODE : C 0 E F G H 
0 . 0 3  0 . 0 1  0 . 003 0 . 0 0 1  0 . 0003 0 . 000 1 



TABLE 1 1 - 1 5 1 

ECONOM I CS SUMMARY 
BAS I N  G reen R i ver  TECHNOLOGY Advanced 
SUB BAS I N  Eas tern 1 /2 + Lew i n  4 FORMAT I ON F t .  Un ion DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES .  DCF RATE HAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • HAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VMCF ___A_ NO . VALUE * ...1!:!._ ..!fL. �M :& AT PR I CE,BCF G I P,BCF AT PR I CE & m PROD . DRY PROD. TOTAL 

D i scount  Rate 1 0%  
084221 1  I .  50 0 0 - 1 454 - -835 0 

2 1  2 . 50 1 1 . 3  3 CDE 2623 - - 362 4 . 1 593 593 - 1 1 . 3 
3 1  3 . 1 0  25 . 3 4 CDEF 52 1 7  5 . 02 3  655 1 6 . 7  1 367  1 367 273 25 . 3 203 68 1 89 756 1 2 1 8  
4 1  3 . 50 25 . 3  " " " " 1 050 20 . 7  " " " " " " " " " 
5 1  5 . 00 4 1 . 3  5 CDEFG 1 237 1  9 . 92 3  4205 35 . 7  2070 2099 209 4 1 . 3  1 23 86 332 1 33 1  1 672 
6 1  7 . 00 " " " " " 7929 59 . 2  " " " " " " " " 
7 1  9 . 00 " " " " " 1 1 653 80 . 7  
8 1  1 2 . 00 46 . 6  CDEFGH 1 3389 1 0 . 4 3 3  1 7825 1 08 . 9  2 1 50 22 1 8  206 46 . 2  I l l  96 347 1 388 1 94 1  

1-' 
D i scoun t Rate l�k 1-' 

I 1 2  1 .  50 D 0 1 454 D -83 1  0 - 0 - 0 0 0 0 0 
1-' 22 2 . 50 1 . 7 2 CD 1 663 " -758 0 - - " 1 . 7  
-....) 32 3 .  1 0  1 1 . 3 3 COE 2623 " -337 8 . 0  593 593 " 1 1 . 3 
0 42 3 . 50 2 5 . 3  4 CDEF 52 1 7  5 . 02 3  4 1 9  20 . 7 1 36 7  1 367  273 25 . 3  203 68 1 89 756 1 2 1 8  

52 5 . 00 " " " " " 1 520 35 . 4  " " " " " " " " " 
6 2  7 . 00 4 1 . 3  5 CDEFG 1 237 1  9 . 923 5 1 32 59 . 2 2070 2099 209 4 1 . 3  1 2 3 86 332 1 33 1  1 872 
72 9 . 00 " " " " " 7846 80 . 7  " " " " " " " " 
82 1 2 . 00 46 . 2  6 COEFGH 1 3389 1 0 . 43 3  1 229 1  1 08 . 9  2 1 50 22 1 8 206 46 . 2  I l l  96 347 1 388 1 94 1  

D i scount  Ra te 2�4 
1 3  I .  50 0 0 - 1 454 0 -827 0 - - 0 - 0 0 0 0 0 
23 2 . 50 0 . 6  1 c 1 583 " -792 0 - - " -
33 3 .  1 0  1 1 . 3 3 COE 2663 " - 467 8 . 0  593 593 " 1 1 . 3  
43 3 . 50 1 1 . 5 3 CDE " " - 372 1 0 . 5  " " " 1 1 . 3  
53  5 . 00 25 . 3  4 COEF 52 1 7  5 . 02 3  904 35 . 4  1 367  1 367  273 2 5 . 3 203 68 1 89 756 1 2 1 8  
63  7 . 00 4 1 . 3  5 C OEFG 1 237 1  9 . 92 3  3 4 7 1  59 . 2  2070 2099 209 4 1 . 3  1 2 3 86 3 32 1 33 1  1 872 
73 9 . 00 " " " " " 5556 80 . 7  " " " " " " " 
83 1 2 . 00 " " " " " 8682 1 09 . 0  

* CODE : C D E f G H 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 00 0 1  



I-' 
I-' 
I 

I-' 
-....1 
I-' 

TOTAL BAS I N  AREA < SECT I ONS ) :  
TYPE : Lent i c u l a r 

NGL ( BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I V E 
PERM . AREA 
(MD ) ( SECT I ONS ) 

0 . 03 1 

0 . 0 1  2 

0 . 003 8 

0 . 00 1  1 2  

0 . 0003 9 

0 . 000 1 2 
--

34 

H/C GAS 
POROS I TY 

( % )  

* 

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE 1 1 - 1 52 

GEOLOG I CAL  DATA SUMMARY 

8AS I N : Greater Green R i ver 
SUBBAS I N : E/2 Lew i n  4 
FORMAT I ON :  Ft . U n i on + Mesaverde 

EST I MATED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BC F ) C BC F ) 

1 9 . 87 1 6  

82 . 1 1  6 1  

305 . 4 7  209 

48 9 . 30 308 

4 5 1 . 1 1  264 

1 1 0 . 69 60 
--

1 4 59 . 9 1 8  

* Refer  to i nd i v i d ua l format i ons for these data . 

DEPTH ( FT . ) :  1 1 , 500  
PRES SURE C P S I A ) : 7468  
TEMPERATUBE ( ° F ) : 2 1 6  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I V E N  THAT 
NATURE I S  STATE OF  NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

* * * 



TABLE 1 1 - 1 5 3 

W E L L  P R O D U C T I ON S U M M A R Y -- B A S E  C AS E  

G k E A T E R  G R E E N  R I V E R , E / 2 O F  L E W I N  4 ,  F O R T  U N I ON + M E S A  V E R D E  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E L L )  

K = 0 , 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( �D )  
Y E: A R  

1 8 9 4  7 2 3  5 7 8  4 7 4  4 0 0  3 3 8  

2 3 9 5  3 6 1  2 9 8  2 4 5 2 0 7  1 7 5  
f-' 
f-' 
I 

f-' 
5 1 5 0 1 7 3 1 6 4  1 3 7  1 1 5  9 8  -.....1 tv 

1 0  6 8  9 1  9 9  9 0  7 6  6 4  

1 5  4 3  6 0 7 2  6 7  6 0  4 9  

?. 0  3 0  4 3  5 6  5 7  4 9  4 1  

3 0  2 0  2 7  3 7  4 1  3 8  3 1  

3 0 - Y E A R  
C U M M . 
P R O D . 3 0 3 0 3 2  3 9  3 2 3 0 2 8 9 0  2 4 8 9  2 0 9 0  

( M M C F ) 



TAB L E  1 1 - 1 54 

� E L L  P R O D U C T I ON S U M M A R Y - - A D V A NC E D  C A S E  

G R E A T E R  G R E E N  R I V E R �  E / 2  O F  L E W I N  4 •  F O R T  U N I O N  + M E S A  V E R D E  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( HO )  
Y E A R  

1 1 1 1 7  9 4 2  7 8 9  7 0 0 6 1 3  5 1 3  

2 2 9 6 4 0 2  3 7 1  3 1 2  2 6 8 2 2 7 

1--' 
1--' 
I 

1--' 5 9 7  1 6 2  1 8 2  1 5 4  1 3 8  1 1 9 -...] 
w 

1 0  4 7  7 4  9 5  8 6  79 7 3  

1 5  3 0  4 3  6 1  5 7  5 2 5 1  

2 0  2 1 3 0  4 2  4 0  3 8  3 9  

3 0  1 2  1 6  2 4  2 4  2 3  2 6  

3 0 - Y E A R  
C U M M . 
P R O D . 2 5 7 9  3 1 4 0 3 3 4 0  3 0 1 9 2 6 8 0 2 4 3 9  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/S ECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 

I-' ( MD )  ALL GAS I MAX=4 l 
...... 
I ...... :;;: . 03 7 .  7 7  4 

. o  1 7 . 90 4 

. 003 7 . 94 4 

. 00 1  9 . 22 4 

. 0003 1 1 . 5 5  4 

. 000 1 1 4 . 04 4 

TABLE l l - 1 55 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  Ft . U n i on + Mesa V erde 

RECOV ERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
< BC F )  ALL GAS 

8 9 . 1 3  

3 1  8 .  1 6  

1 0 5  7 . 66 

1 34 8 . 82 

9 1  1 0 . 73 

1 7  1 2 . 08 

387  

\ 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WEL LS 

I MAX= 1 2 l  ( BCF ) 

9 .  1 3  1 6  

8 .  1 6  6 1  

7 . 66 209 

8 . 82 308 

1 0 . 73 264 

1 2  60 

9 1 8  



I-' 
I-' 

I 
I-' 
-.....] 
ll1 

TABLE l l - 1 56 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pros pect ) 

D r i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i  I )  

Base Case l 1 000 F t .  Fractu re ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N : E/2 Lew i n  4 
FORMAT I ON :  F t .  Un i on + Mesa V erde 

Ad va nced Case ! 2000/4000 Ft . Fract ure ] 

S u rface Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor F ue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

2 0 , 000 

1 , 34 2 , 000 

49 1 , 000 - 1 , 002 , 000 
993 , 000 - 2 , 1 3 1 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABL E  1 1 - 1 5 7 

ECONOM I CS SUMMARY 
BAS I N  Green R i ve r  T ECHNOLOGY Base 

SUB BAS I N  l=':::�.ct'�rn 1/? I �tow in U FORMAT I ON Et Uaicc + M�sa �ecd� DATE l11oe 1980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRE S .  DCF RATE MAX NO.  W I LDCAT 

GAS PR ICE  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VMCF __ %_ NO . VALUE * ..J!L_ � �M % AT PR I CE,BCF G I P  BCF  AT PR I CE % � �- � PROD . TOTAL 

D i scoun t R a t e  1 0%  
08lf3 1  I I  1 .  50 0 0 - 2 1 29 0 - 1 200 0 

2 1  2 . 50 1 4 . 3 3 CDE 2338 0 -864 0 1 4 . 3 
3 1  3 . 1 0  30 . 5 4 CDEF 2527 0 - 377 5 . 0 30 . 5  
4 1  3 . 50 " " " " 0 -244 6 . 7 - 30 . 5 
5 1  5 . 00 55 . 6  6 CDEFGH 2823 2 . 782 1 063  24 . 6 385 9 1 8  1 38 55 . 6  6 2  77 9 35 1 84 
6 1  7 . 00 " " " " " 2 1 1 1  4 0 . 4  " " " " " " " " 
7 1  9 . 00 " " " " " 3 1 60 56 . 4  
8 1  1 2 . 00 " " " " " 4732 80 . 3 

f-J D i scoun t Rate  ��� 
f-J 1 2  1 .  50 0 0 2 1 29 0 - 1 1 87 0 
I 22 2 . 50 1 . 7  I c " 0 - I I  53 0 - I .  7 

f-J 3 2  3 .  1 0  1 4 . 3 3 CDE 2 328 0 -852 0 - 1 4 . 3 
-...J 42 3 . 50 30 . 5  4 COEF 2527 0 -465 6. 7 - 30 . 5  
0'1 52 5 . 00 49 . 5  5 CDEFG 2 793 2 . 599 4 1 1 2 2 . 4  368 858 1 4 1  49 . 5  72 70 9 36 1 87 

62 7 . 00 55 . 6  6 CDEFGH 2823 2 . 782 1 338 40 . 4  385 9 1 8  1 38 55 . 6  62 77 'l 35 1 84 
72 9 . 00 " " " " " 2 1 49 56 . 4  " " " " " " " " 

82 1 2 . 00 " " " " " 3 366 80 . 3 

D i scount Ra te 2�1. 
1 3  1 . 50 0 0 2 1 29 0 - 1 1 74 0 
23 2 . 50 0 0 " 0 - 1 1 74 0 
33  3 . 10  1 . 7 I c " 0 - 1 1 37 0 1 . 7 
43 3 . 50 1 4 . 3  3 CDE 2338 0 -860 . 6  - 1 4 . 3  
53 5 . 00 30 . 5 4 CDEF 2527 0 -28 1  1 3 . 5  30 . 5  
63  7 . 00 55 . 6  6 CDEFGH 2823 2 . 782 867 4 0 . 4  385 9 1 8  1 38 5 5 . 6  62 77 9 35 1 84 
73 9 . 00 

" " " " " 1 5 30 56 . 4  
83 1 2 . 00 

" " " " " 2524 80 . 3  

* CODE :  C D E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 



TAB L E  l l - 1 58 

ECONOM I CS SUMMARY 
BAS I N  G reen R i ver  TECHNOLOGY Advanced 

SUB BAS I N  Eastern 1 / 2 Lewi n 4 FORMAT I ON Ft . Un i on + Mesa Verde DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & P GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER , MAX RECOV . PROSP.  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . VHCF __ %_ NO . VALUE * _w__ ....!!.£L �H % AT PR I C E,BCF G I P  BCF AT PR I CE � DRY PROD , Q!!r PROD . TOTAL 

D i scount Rate 1 0".(. 
084321 1 I .  so 0 0 2 8 1 5  0 - 1 588 0 - 0 0 0 0 0 

2 1  2 . 50 1 . 3 2 CD 29 1 3  0 - 1 533 0 1 . 3  " " " " " 

3 1  3 . 1 0  30 . 5 4 CDEF 5743 3 . 987 82 1 0 . 7 594 594 1 49 30 . 5 1 03 46 35 1 38 322 
41  3 . 50 " " " " " 464 1 4 . 0  " " " " " " " " " 

5 1  5 . 00 49 . 5 5 CDEFG 8825 6 . 592 3738 36 . 4 858 858 1 30 49 . 5  66 64 56 228 4 1 5  
6 1  7 0 00 55 . 6  6 CDEFGH 95 1 7  7 . 208 7483 6 3 . 0  9 1 7  9 1 8  1 27 5 5 . 6  56 71 6 1  242 429 
7 1  9 . 00 " " " " " 1 09 1 2  8 7 . 9  
8 1  1 2 . 00 " " " " " 1 6055 1 22 . 9  

f-' D i scou n t  Rate 1�.(. 
f-' 1 2  I .  50 0 0 28 1 5 0 - 1 567 0 - 0 0 0 0 0 
I 22 2 . so 0 0 2 8 1 5  0 - 1 567 0 0 0 0 0 0 

f-' 32 3 . 1 0  1 4 . 3 3 CDE 4 1 25 1 . 890 -920 2 . 6 1-4 0 3 
-..,J 42 3 . 50 " " " " " -771  4 . 6  1 -4  0 3 
-..,J 52 5 . 00 49 . 5 5 CDEFG 8825 6 . 592 2 3 1 9  36 . 4 858 858 1 30 49 . 5 66 64 56 228 4 1 5  

62 7 . 00 55 . 6  6 CDE FGH 95 1 7  7 . 208 5 1 99 63 . 0 9 1 7  9 1 8  1 27 55 . 6  56 7 1  6 1  242 429 
72 9. 00 " " " " " 7871 87 . 9  
82 1 2 . 00 " " " " " 1 1 878 1 22 . 9  

D i scount Rate 20".(. 
1 3  I .  so 0 0 - 28 1 5  0 - 1 546 0 - 0 0 0 0 0 
23 2 . 50 0 0 - " " - 1 546 0 
33  3 .  1 0  0 0 " " - 1 546 0 
43 3 . 50 1 4 . 3 3 CDE 4 1 25 1 .  890 -935 4 . 6  1 4  0 3 
5 3  5 . 00 30. 5  4 CDEF 5743 3 . 987 480 26 . 7  594 594 1 49 30 . 5  1 03 46 35 1 38 322 
63 7 . 00 49 . 5 5 CDEFG 8825 6 . 592 34 3 1  60 . 5  858 858 1 30 49 . 5 66 64 56 228 4 1 5  
73  9 . 00 5 5 . 6  6 CDEFGH 95 1 7  7 . 208 5898 87 . 9  9 1 7  9 1 8  1 27 5 5 . 6  56 7 1  6 1  242 429 
83 1 2 . 00 " " " " " 9 1 46 1 22 . 9  

* CODE : C D E F G H 
0 . 03 0 . 0 1  0 003 0 . 001  0 . 0003 0 . 000 1 



I-' 
I-' 
I 

I-' 
-....] 
00 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 2 5 .  

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD )  ( SECT I ONS ) 

0 . 03 6 

0 . 0 1  23 

0 . 003 77 

0 . 00 1 1 09 

0 . 0003 87 

0 . 000 1 1 9  

32 1 

H/C GAS 
POROS I TY 

< % )  

5 . 7 

5 . 0  

4 . 5 

4 .  1 

3 .8 

3 . 3  

NET PAY 
TH I CKNESS 

( FT . ) 

20 

27 

38 

52 

72 

1 00 

TAB LE 1 1 - 1 59 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Greater Green R i ver 
SUBBAS I N : W/2 Lew i n  4,  Lew i n  5 ,  Br i dger 
FORMAT I ON :  Ft . Un i on 

DEPTH ( FT . ) :  8 , 000 
PRESSURE ( PS I A ) : 3600 
TEMPERATURE ( ° F ) : 1 68 

� 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECO VERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

46 . 22 36 0 . 1 0 1 .o  

2 1 1 . 09 1 40 0 . 20 1 . 0 

890 . 24 573  0 . 3 5  1 . o  

1 5 7 1  . 4 5  946 0 . 50 1 . o  

1 608 . 1 5  902 0 . 60 1 . o  

423 . 84 280 0 . 6 5  1 . 0 

4 7 5 1 . 287 7  



TABLE 1 1 - 1 60 

W E L L  P R OD U C T I ON S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N R I V E R ,  W / 2  L E W I N 4 A N D  5 - B R I DG E R ,  F O R T  U N I O N 

G A S  P R O D U C T I O N  ( M MC F / Y E A R / W E l l ) 

K • 0 , 3  0 , 1 0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 , 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( HD )  
Y E A R  

1 3 0 0  2 3 6 1 5 8  1 1 9 8 3  6 0  

I-' 2 1 4 7  1 2 1  8 2  6 2  4 3  3 1  
I-' 
I 

I-' 
-..J 

5 6 5  6 3  4 6  3 5  2 5  1 8  � 

1 0  2 9  3 5  3 1 2 4  1 7  1 3  

1 5  1 7  2 3  2 3  1 9  1 4  1 0  

2 0  1 0  1 7  2 0  1 6  1 1 8 

3 0 5 1 0  1 4  1 3  9 7 

3 0 - Y E A R 
C U M M . 
P R O D . 1 1 4 0 1 1 8 9  9 8 9  7 8 9  5 5 9  4 1 0  

( M M C F ) 



TABLE  1 1 - 1 6 1 

� E l l  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

G R E A T E R  G R E E N R I V E R , W / 2  L E W I N  4 A N D  5 - B R I D G E R ,  F O R T  U N I O N 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1 0 . 0 3 o . o 1 o . o o �  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y F: A R  

1 3 6 3  2 8 6 2 0 3  1 8 8 1 4 3  9 6  

1-' 2 1 7 8 1 4 7  1 0 2  8 4  6 2  4 2  
1-' 
I 

1-' 
00 5 7 9  7 6  5 6  4 7  3 5  2 4  0 

1 0  3 6  4 2  3 2  3 0  2 2  1 6  

1 5  2 1  2 8  2 4  2 2  1 7  1 3  

2 0  1 3  2 1  1 8  1 7  1 3  1 1  

3 0  6 1 2  1 2  1 1  1 0  9 

3 0 - Y E A R 
C U M M . 
P R O D . 1 3 8 0 1 4 3 9  1 1 0 9  9 6 9  7 5 0  5 5 0  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM .  REQD . T O  PRODUCE ACTUALLY USED 

f-' ( MD )  ALL GAS [ MAX=4 1 f-' I f-' 00 1-' • 03 5 . 263 4 

. 0 1  5 .  1 1 9 4 

. 003 7 . 524 4 

. 00 1  1 1 . 000 4 

. 0003 1 8 . 547 4 

. 000 1 3 5 . 944 4 

TABLE 1 1 - 1 62 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ge r  
FORMAT I ON :  Ft . U n i on 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WEL LS/SECT I ON WELLS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

( BC F )  ALL GAS [ MAX= I 2 1  

29 4 . 348 4 . 348 

1 06 4 . 230 4 . 230 

304 6 . 7 1 0  6 . 7 1 0  

34 1 8 . 957  8 . 957  

1 98 1 3 . 82 4  1 2 . 

4 5  26 . 7 94 1 2  

1 023  

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WELLS 

( BCF ) 

36 

1 40 

573 

946 

794 

1 76 

266 5 



f-J 
f-J 

I 
f-J 
co N 

TABLE l l - 1 6 3 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a nd Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d �er 
FORMAT I ON :  Ft . U n i on 

Ad va nced Case ( 2000/4000 Ft . Fracture ) 

Surface Eq u i pment ( $/We l l )  

An nua l Operat i ng Expense ( $/We i I )  

Compressor F ue l Cost , Rat i o  of Cost to 

W .  I .  Ga s Revenue  

20 , 000 

593 , 000 

1 59 , 300 - 428 , 000 
3 1 7 , 000 - 885 , 000 

4 5 , 000 

1 0 , 000 

. 0305 



TABLE 1 1 - 1 64 

ECONOM I CS SUMMARY 
BAS I N  Grea ter  G reen R i ve r  TECHNOLOGY Base 

SUB BAS I N  Rrirlget lewio 5 WL2 Lew i n  4 FORMAT I ON F t . Un i on DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WE LLS 
PROF I T . K -LEVELS E & P GAS NET PRE S .  DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . VMCF __ % __ NO . VALUE * _ili_ � �M :& AT PR I C E,BCF G I P  BCF AT PR I C E  % DRY PROD . Q!r!:. PROD . !.QIA!:. 
D i scoun t Rate 1 ifk 
085 1 1 1 1  l .  50 0 0 0 989 0 -569 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 2 . 2  2 co 1 228 . 3 5 1  - 506 " " " " 2 . 2  
3 1  3 .  1 0  " " " " " -464 " " " " " 
4 1 3 . 50 1 0 . 9  3 CDE 1 879 1 .  246 -230  5 . 7 0 0 0 1 0 . 9  0 0 0 0 0 
5 1  5 . 00 26 . 7  4 CDEF 3326 2 . 8 1 2  585 1 7 .  2 780 1 695 277 26 . 7  203 74 1 63 650 1 089 
6 1 7 . 00 4 3 . 8 5 CDEFG 5 1 00 4 . 027 1 899 2 8 . 2  978 2597 243 4 3 . 8 1 37 1 06 238 952 1 432 

7 1  9 . 00 
" " " " " 3 1 07 4 0 . 0  " " " " " " " " " 

8 1  1 2 . 00 47 . 8 6 CDEFGH 5302 4 . 1 28 50 1 2  56 .6  1 02 3  2877 247 4 7 . 8  1 29 1 1 8  252 1 008 1 508 

D i scount Rate I� 
1 2  l .  50 0 0 0 989 0 -570 0 0 0 0 0 0 0 0 0 0 
22 2 . 50 " " " " " " " " " " " 

1-' 3 2  3 .  1 0  2 . 2 2 CD 1 228 . 35 1  - 503 " " " " 2 . 2  
1-' 42 3 . 50 " " " " " -482 " " " " " 
I 

52 5 . 00 1 0 . 9 3 CDE 1 879 1 . 246 - 1 36 1 1 . 6 " " " 1 0 . 9  
1-' 

6 2 26 . 7 4 CDEF 3326 2 . 8 1 2  75 1  2 7 . 9  780 1 695 277 26 . 7  203 74 1 63 650 I 089 00 7 . 00 
w 72 9 . 00 4 3 . 8 5 CDEFG 5 1 00 4 . 027 1 8 1 8  40 . 0  978 2597 243 4 3 . 8  1 37 1 06 238 952 1 432 

82 1 2 . 00 
" " " " " 3 1 02 56 . 6  " " " " " " " " 

D i scount Ra te 2if/o 
1 3  l .  so 0 0 0 989 0 - 5 7 1  0 0 0 0 0 0 0 0 0 0 
23 2 . 50 " " " " " " " " " " " 
33  3 .  1 0  . 4  1 c 1 0 1 6  . 4 3  - 562 " " " " . 4  
43 3 . 50  2 . 2  2 CD 1 228 . 35 1  - S I D  0 " " " 2 . 2  
5 3  s . oo 1 0 . 9 3 CDE 1 879 1 . 246 - 268 1 1 . 6 0 0 0 1 0 . 9  0 0 0 0 0 
63 7 . 00 26 . 7 4 CDEF 3326 2 . 8 1 2  354 27 . 9 780 1 695 277 26 . 7  201 74 1 63 650 1 089 

73 9 . 00 
" " " " " 828 38. 1 " " " " " " " " " 

83 1 2 . 00 4 3 . 8  5 CDEFG 5 1 00 4 . 027 207 1  56 . 6  978 2597 243 4 3 . 8 1 37 1 06 238 952 1 4 32 

* CODE : C 0 E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 0 0 1  0 . 0003 0 . 000 1 



TABLE  1 1 - 1 65 

ECONOM I CS SUMMARY 
BAS I N  Grea ter  Green R i ver TECHNOLOGY Advanced 

SUB BAS I N  Bridaer.Lewin 5 W/2 Lewin 4 FORMAT I ON F t .  Un i on DATE J une 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRE S .  DCF  RATE MAX NO .  W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD .  VALUE OF RETURN GAS RECOVER • MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . VMCF -.1L__ NO . VALUE * _lli_ _iff_ �M & AT PR I C E,BCF G I P  BCF AT PR I C E  % DRY �. Q.!i'!. PROD . TOTAL 

D i scoun t Ra te  l �k 
085 1 2  I I  1 .  50 0 0 0 1 1 93  0 -685 0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 2 . 2  2 co 1 480 . 420 -605 0 0 0 0 2 . 2  0 0 0 0 0 
3 1  3 .  1 0  " " " " " - 554 0 0 0 0 " 0 0 0 0 0 
4 1 3 . 50 1 0 . 9  3 COE 2 742 1 .  871 - 1 58 7 . 7  0 0 0 1 0 . 9  0 0 0 0 0 
5 1  5 . 00 26 . 7  4 CDEF 6 5 1 4  5 . 503 1 845  25 . 3  1 695 1 695 308 26 . 7  226 82 34 1  1 364 20 1 4  
6 1  7 . 00 4 3 . 8  5 COEFG 1 4 1 40 1 0 . 232 6003 40 . 2  2489 2597 243 4 3 . 8  1 36 1 06 59 1  2363  3 1 96 

7 1  9 . 00 " " " " " 942 1 59 .  I " " " " " " " " " 
8 1  1 2 . 00 4 7 . 8  6 COEFGH 1 5262 1 0 . 670 1 4883 8 3 . 8  2665 2877 250 47 . 8 1 30 1 1 9 643 2573 3466 

1--' D i scount  Rate l�k 

1--' 1 2  I .  5 0  0 0 0 1 1 93 0 -684 0 0 0 0 0 0 0 0 0 0 

I 22 2 . 50 " " " " " " " " " " " " " " " " 
1--' 3 2  3 . 1 0  2 . 2  2 c o  1 480 . 420 -600 0 0 0 0 2 . 2  0 0 0 0 0 
co 42 3 . 50 " " " " " -574 0 0 0 0 " 0 0 0 0 0 
*"" 52  5 . 00 26 . 7  4 COEF 65 1 4  5 . 503 888 25 . 3  1 695 1 695 308 26 . 7  226 82 34 1  1 364 20 1 4  

62 7 . 00 " " " " " 2264 4 1 . 1  " " " " " " " " " 
72 9 . 00 4 3 . 8  5 COEFG 1 4 1 40 1 0 . 2 32 5927 59 . I 2489 2597 243 4 3 . 8  1 36 1 06 59 1  2 363 3 1 96 
82 1 2 . 00 " " " " " 9594 85 . 9  " " " " " " " 

D i scount  Rate 2�k 
1 3  I .  50 0 0 0 1 1 93 0 -682 0 0 0 0 0 0 0 0 0 0 

23 2 . 50 " " " " " " " " " " " 
3 3  3 .  1 0  . 4  I c 1 224 . 44 -672 " " " " . 4  
43 3 . 5 0  2 . 2  2 c o  1 480 . 420 -606 " " " " 2 . 2  

53  5 . 00 1 0 . 9  3 COE 2742 I . 87 1  - 1 98 1 5 .  1 " " " 1 0 . 9  

63  7 . 00 26 . 7  4 COEF 65 1 4  5 . 503 1 400 4 1 . 1  1 695 1 695 308 26 . 7 226 82 34 1 1 364 20 1 4  

73 9 . 00 43 . 8 5 COEFG 1 4 1 40 1 0 . 2 32 3927 59. I 2489 2597 243 43 . 8  1 36 1 06 59 1  2 363 3 1 96 " " " " " 85 . 9  . .  . .  . .  . .  " " " 
83 1 2 . 00 6 7 1 0  

* CODE : C 0 E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 25 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERrvl . AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) < % ) ( FT . ) 

I-' 
I-' 
I � 0 . 03 2 1  5 . 0 20 

U1 

0 . 0 1 78  4 . 6  30 

0 . 003 264 3 . 9 4 1  

0 . 00 1  37 5 3 . 5 55  

0 . 0003 2 1 0  3 . 1 68 

0 . 000 1 99 2 . 8 80 

0 . 00003 57  2 . 5 1 00 

1 1 04 

TABLE 1 1 - 1 66 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  W/2 Lew i n  4, Lew i n  5, Br i dger 
FORMAT I ON :  Lance-Mesaverde 

DEPTH ( FT . ) : 1 1  , 000 
PRESSURE ( PS I A ) : ?500 
TEMPERATURE ( 0 f ) : 200 

FOR EACH DR I L L I NG LOCAT I ON W/C : 
EST I MATED MAX .  PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOVERA8LE THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BCF ) PRODUCT I V E 1 st W/C 2 n d  W/C 

1 25 .055  9 1  0 . 20 1 . 0 

640 . 996 438 0 . 30 1 . o 

2 5 1 3 . 820 1 6 1 0  0 . 40 1 . o  

4790 . 0 53 2865 0 . 60 1 . o  

2632 . 98 1 464 0 . 7 5  1 . o  

1 320 . 0  677 0 . 8 5  1 . o  

848 . 667 399 0 . 90 1 . o  

1 2872 . 7 544 



TABLE  1 1 - 1 67 

w E L L  P R O D U C T I ON S U M M A R Y- - B A S E  C A S E  

G R E A T E R  G R E E N R I V E R ,  W / 2  L E W I N  4 A N D  5 - B R I D G E R , M E S A  V E R D E - L A N C E 

G A S  P R O D U C T I O N  ( M MC F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3 0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 4 1 5  3 3 0  2 4 4  1 6 0 1 0 1  6 1  3 9  

t--' t--' 2 1 7 6  1 6 7 1 2 5  8 3  5 3  3 2  2 0  I t--' 00 � 5 5 7  7 9  6 8  4 7  3 0  1 8  1 2  

1 0  1 3  3 7  4 2  3 2  2 1  1 3  8 

1 5  4 1 5  2 8  2 5  1 7  1 0  6 

2 0  1 1 1  2 2  2 0  1 4  9 5 

3 0  0 4 1 2  1 6  1 1  7 5 

3 0 - Y E A R 
C U M M . 
P R O D . 

( M M C F ) 
1 0 2 0 1 3 1 0  1 3 1 0 1 0 3 0  6 7 9 4 1 9 2 6 9  



TABLE  1 1 - 1 68 

w E L L  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

G R E A T E P  G R E E N  R I V E R ,  W / 2 L E W I N 4 A N D  5 - B R I D G E R ,  M E S A V E R D E - L A N C E 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 5 8 4 4 3 0 2 6 9  2 0 5 1 3 5 1 0 0  6 8  

1-' 
2 2 8 7  2 2 2  1 3 9  1 0 3  6 7 4 3  2 9  1-' 

I 
1-' 
(X) 
-..J 

5 1 2 2 1 1 9 7 9  5 8  3 9  2 4  1 7  

1 0  5 6  7 2 5 3  3 7  2 7  1 7  1 1  

1 5  2 6  5 0  3 9  2 6 2 0  1 3 9 

2 0  1 2  3 8 3 2  2 1  1 8  1 1  8 

3 0  5 2 2  2 3  1 4  1 4  8 6 

3 0 - Y E A R  
C U I"· M . 
P R O D . 2 0 9 0  2 3 1 0  1 6 5 9  1 1 7 9  8 5 9  5 5 0 3 90 

( f'l M C F ) 

f 



TABLE  1 1 - 1 69 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Gr eater G r een  R i ver 
SUB-BAS I N :  W/2 Lew i n  A ,  Lew i n  5 ,  Br i d ger 
FORMAT I ON :  L a n ce - Mesa V erde  

BASE CASE ADVANCED CASE 
�JUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE  

WELLS/SECT I ON \'JEL LS/S ECT I ON GAS FROM WELLS/SECT I ON WELLS/S ECT I ON GAS FROM 
P ERM . REQD . TO PRODUCE ACTUALLY USED ACT UAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD ) ALL GAS [ MAX=4 l C BCF ) ALL GAS [ MAX= 1 2 l  C BCF ) 

....... 7 0 . 03 4 . 245 4 86 2 . 072 2 . 07 2  9 1  
....... 00 00 0 . 0 1  4 . 290 4 407 2 . 433 2 . 433 438 

0 . 003 4 . 6 56 4 1 38 5  3 . 677 3 . 677  1 6 1 0  

0 . 00 1  7 . 4 1 7 4 1 547 6 . 48 6 .48 286 5 

0 . 0003 1 0 . 265 4 57 1 8 . 1 1 4 8 . 1 1 4  1 464 

0 .000 1 1 6 .324 4 1 69 1 2 .436 1 2 . 000 657 

0 . 00003 26 . 022 4 64 1 7 . 949 1 2 . 000 267 

4229 7392 



1--' 
1--' 
I 1--' 00 1.0 

TABLE 1 1 - 1 70 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost C $/We I I )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 F t .  Fractu re ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5, Br i d ge r  
FORMAT I ON :  Lance - Mesa Verde 

- Ad vanced Ca se [ 2000/4000 Ft . Fracture ) 

S u r f ace Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense  ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

1 , 1 94 , 000 

1 76 , 000 - 4 73 , 000 
3 5 1 , 000 - 9 7 9 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE l l - 1 7 1 

ECONOM I CS SUMMARY 
BAS I N  Green R i ver TECHNOLOGY Base 
SUB BAS I N  Br i dger,Lew i n  5,W/2 Lew i n  4 FORMAT I ON Lance & Mesa Verde UATE September 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T  K-LEVELS E & p GAS NET PRES.  UCF RATE MAX . NO. WI LUCAT 

GAS PR I CE PROSP . ON STREAM I NV EST .  PROD. VALUE OF RI:.TURN GAS RECOVER . MAX RECOV.  PROSP . SUCCESS W I LDCAT DE VELCPMENT 
CASE NO. $/M:F _%_ NO. VALUE * _!!:!_ BCF $M % AT PR I CE1BCF G IP1BCF AT PR I CE _%_ � Prod . � Prod . Tota l 

D i scount Rate 1 0% 
2452 1 1 1  1 . 50 0 0 0 1 605 0 -907 u 0 0 0 0 0 0 0 0 0 

2 1  2 .  50 " " " " " " " 0 0 0 0 0 0 0 0 0 
3 1  3 . 1 0 " " " " " " " 0 0 0 0 0 0 0 0 0 
4 1  3 . 50 I .  7 I 0 1 899 . 246 -843 0 0 0 0 I .  7 0 0 0 0 0 
5 1  5 . 00 1 1 . 4 3 CDE 3883 1 . 846 -4 3  9 . 5  0 0 0 1 1 . 4 0 0 0 0 0 

....... 6 1  7 . 00 3 1 .6 4 COEF 7378 4 . 279 1 8 9 1  2 2 . 9  3425 5004 800 3 1 . 6 547 253 649 2595 4045 
....... 7 1  9 . 00 " " " " " 3446 34 . 8  " " " " " " " " " 

I 8 1  1 2 . 00 4� . 7 5 CDEFG 9908 5 . 4 1 4  6769 50. 4  3996 6468 738 4 5 . 7 40 1 337 846 3383 4967 
....... 1.0 D i scount Rate 1 5$ 
0 1 2  1 . 50 0 0 0 1 605  0 -903 0 0 0 0 0 0 0 0 0 0 

22 2 . 50 " " " " " " " 0 0 0 0 0 0 0 0 0 
32 3 . 1 0  " " " " " " " 0 0 0 0 0 0 0 0 0 
42 3 . 50 " " " " " " " 0 0 0 0 0 0 0 0 0 
52 5 . 00 1 1 . 4 3 CDE 3!!83 1 . 846 -372 9 . 5  0 0 0 1 1 . 4 0 0 0 0 0 
62 7 . 00 " " " " " 2 3 1  1 8 . 5  1 8 78 2 1 39 1 0 1 7  1 1 . 4 90 1 1 1 6 329 U l 5  26D I  
72 9 . 00 3 1 . 6  4 CDE F 7378 4 . 279 20 1 5  34 . 8  3425 5004 800 3 1 .6 547 253 649 2595 4045 
!!2 1 2 . 00 4 5 . 7 5 CDEFG 9908 5 . 4 1 4  45 1 7  50 . 4  3996 6468 738 4 5 . 7  40 1 337 846 3383 4967 

U i scount Rate 20% 
1 3  1 . 50 0 0 0 1 605  0 -897 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 " " " " " " " 0 0 0 0 0 0 0 0 0 
33 3 . 1 0 " " " " " " " 0 0 0 0 0 0 0 0 0 
4 3  3 . 50 " " " " " " " 0 0 0 0 0 0 0 0 0 
53 5 . 00 2. 3 2 cu 1 99 1  . 279 -792 0 0 0 0 2 . 3  0 0 0 0 0 
63 7 . 00 1 1 . 4  3 COE 3883 1 . 846 -7 9 1  1 8 . ?  0 0 0 1 1 . 4 0 0 0 0 0 
73 9 . 00 3 1 . 6  4 CDEF 7378 4 . 279 1 1 74 34 . 8 3425 5004 800 3 1 .6 547 253 649 2595 4045 
83 1 2 .00 " " " " " 2574 53 . \1 

*CODE : c D E F (j 
0 . 03 0 . 0 1  0 . 003 0 . 00 1 0 . 0003 



TABLE l l - 1 72 

ECONOM I CS SUMMARY 

BAS I N  Green R i ver 
SUB BAS I N  Bridger I e>·<io S W/2 Iewin 4 FORMAT I ON Lance & Mesa Verde 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PHOF I T  K-LEVELS E & P GAS NET PRE S .  lJCF RATE 

GAS PR I CE PROSP . ON STREAM I NVEST .  PROD . VALUE OF KETURN GAS RECOVER. MAX RECOV . 
CASE NO. � _% _  NO . VALUE * $M BCF $M % AT PR I CE1BCF G I P18CF 

D i scount Rate 1 0) 
24522 1 1  1 . 50 0 0 0 1838 0 - 1 039 0 0 0 

2 1 2 . 50 . 6  I c 1 876 . 049 - 1 024 0 I I  II 

3 1  3. 1 0  2 . 3  2 CD 2009 . 24tl -953 0 II II 

4 1  3 . 50 I I  I I  I I  I I  I I -93 1 0 
5 1  5 . 00 1 1 . 4 3 CDE 3507 1 .  781  -2 1 7  7 . 8  II I I  

6 1  7 . 00 3 1 . 6 4 CLJEF 9629 5 . 539 2 569 25 . 7 5004 5004 

1---' 
7 1  9 . 00 4 5 . 7 5 CDEFG 1 4356 7 . 7 5 1  5637 3:1 . 2 6468 6468 

1---' 
8 1  1 2 . 00 I I  I I  II II II 9748 52 . 5 

I D i scount Rate 1 5% 1---' 
1.0 1 2  1 . 50 0 0 0 1838 0 - 1 032 0 0 0 

1---' 22 2 . 50 " II I I  I I  " II II II II 

32 3 . 1 0 . 6  1 c 1 876 . 049 - 1 0 1 4  0 II II 

42 3.  50 2 . 3  2 CD 2009 . 248 -957  0 II I I 

52 5 . 00 1 1 . 4 3 CDE 550 7 1 . 71:l 1  -523 7 . cs  I I  I I  

62 7 .00 3 1 . 6 4 CDEF 9629 5 . 5 39 1 1 80 '23. 7 5004 5004 
72 9. 00 II II I I  I I  II 2692 36 . 1 II II 

82 1 2 . 00 4 5 .  7 5 COEFG 1 4356 7 . 75 1  6 1 9 1  52 . 5  6468 6468 

D i scount Rate 20% 
1 3  1 . 50 0 0 0 1 831:! 0 - 1 024 0 0 0 
23 2 . 50 II I I  II II II II II I I  I I  

33 3 . 1 0 . 6  1 c 11:l76 .049 - 1 0 1 0  1:) II II 

43 3 . 50 . 6  1 c II II - 1 006 0 I I II 

55 5 . 00 2 . 3  2 CD 2009 . 248 -9 1 6  0 II II 

63 7 . 00 1 1 . 4 3 CDE 3 507 1 .  7 8 1  -307 1 4 . 4  I I  I I  

7 3  9 . 00 3 1 . 6 4 CDEF '1029 5 . 539 1 587  56. 1 5004 5004 
83 1 2 . 00 II II II II II 3382 56 . 3  

*CODE : c D E F G H I 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 .00003 

MAX. NO. 
PROSP . 

AT PR I CE 

0 
II 

I I  

I I 

903 
l:l34 

0 
II 

II 

I I  

I I 

905 
I I  

834 

0 
II 

I I  

I I  

I I  

II 

905 

TtCH!iOLUGY 
LJATE 

W I LDCAT 

Advanced 
September 1 9tl0 

WELLS 

SUCCESS W I LDCAT DEVE LOPMENT 
_%_ Q.r:y_ Prod . Q!:y_ P rod . 

0 0 0 0 0 
. 6  

2 . 3  

1 1  . 4  
3 1 . 6  6 \ l:l  21:l5 861:l 347 1 
4 5 . 7 453 381 1 248 4993 

0 0 0 0 0 
I I  II I I  I I  I I  

. 6  0 0 0 0 
2 . 3  

1 1 . 4  
3 1 . 6 6 1 8  28 5 868 347 1 

II II I I  II II 

4 5 . 7  4 53 31:! 1 1 248 4993 

0 0 0 0 0 
II 

. 6  

. 6 
2 . 3  

1 1 . 4 
3 1 . 6 6 1 8  285 868 34 7 1  

Tot a l 

0 

5245 
70 7 5  

0 
II 

0 

5243 
II 

70 7 5  

0 

5243 



TABLE l l - 1 7 3 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver DEPTH ( FT . ) :  1 4 , 000 
TOTAL BAS I N  AREA ( S ECT I ONS ) : SUBBAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ger PRESSURE ( PS I A ) :  7700 
TYPE : B l anket FORMAT I ON :  Front i er TEMPERATURE ( ° F ) : 242 

NGL <  BBL/MMCF ) : 2 5 . 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I VE H/C GAS NET PAY GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I V E ,  G I V EN THAT 
PERM . AREA POROS I TY TH I CKNESS RES ERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

I-' I-' (MD ) ( SECT I ONS ) ( % ) C FT . )  C BCF ) < BCF ) PRODUCT I V E 1 st W/C 2 n d  �v/C 
I I-' 1..0 

IV 0 . 3  8 6 . 4 1 0  56 .64 36 0 0 1 0  1 . o  

0 . 1 63 5 . 7 1 4  558 . 8 1  350 0 . 20 1 . 0 

0 . 03 1 88 5 . 0 20 1 834 . 88 1 238 0 . 30 1 . o  

0 . 0 1  266 4 . 4 25  2596  0 1 6  1 8 1 5  0 . 50 1 . o  

0 . 003 1 49 3 . 9 27 1 39 1  . 66 9 1 0  0 . 60 1 . 0 

0 . 00 1  70  3 . 5  29 630 388 0 . 7 0  1 . 0 

0 . 003 39 3 0 1  30 32 1 0 7 5  1 84 0 . 80 1 . o  

783 7390 . 492 1 



I< ., 0 • .1 
Y E A R  

1 l H: � 

I-' 
I-' 2 7 6 f  I 
I-' 
\D 
w 

5 3 5 1  

1 0 1 5  (I 

1 5 8 f, 

? 0  6 9  

3 0  5 0  

3 0 - Y E A R 
C U H M . 
P R O D . 5 8 6 1  

( M N C F l 

TAB L E  l l - 1 7 4 

W E L L  P R O D t l C T I ON S U M M A R Y - - B h S E C A S E 

G R E A T E R  G R E E N  R I V E R ,  W / 2  L E � I N  4 A N D  5 - B R I D G � R ,  F R O N T I E R  

0 • 1 

8 o 6 

5 9 6  

3 3 5 

1 7 8 

1 1 7  

7 3  

4 4  

5 5 0 2  

G � S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L l  

0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

5 8 7  3 8 0 1 9 4 1 1 0 5 6  

3 8 8  2 3 1  1 1 7  6 0  3 0  

2 6 7  1 6 0  7 4  4 0  1 8  

1 8 1  1 2 4  5 8  2 9  1 4  

1 3 3  1 0 4  5 1  2 5  1 2  

1 0 6 8 9  4 6  2 2  1 0  

6 9  6 7  3 9  2 0  9 

5 1 3 3  3 6  4 3  1 8 1 6  9 3 1  4 4 2 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M O )  



TABL E  1 1 - 1 75 

W f l l  P R lJ D IJ C T I Otl S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R  G R E F N  R I V E R ,  W / 2 L E W I N  4 A N D 5 - B R I D G E R ,  F R O N T I E R  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E L L )  

K "' 0 . 3  o . 1  0 . 0 3 o . o 1  0 . 0 0 3 0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  Y E A R  

l 1 6 1 fl  1 ? 2 2  1 4 5 4 1 0 6 7  6 6 4  3 9 8  2 1 7 

...... 
I-' 
I 2 1 1 1 4  8 7 3  9 5 5  6 7 0 3 8 4  2 1 8 1 1 6 I-' 1.0 

""" 

5 6 1 7  5 3 6  5 9 5  4 2 2  2 3 6 1 3 4  6 7  

1 0  3 3 3  3 2 8 3 8 3 2 9 6  1 6 8  9 3  4 8  

1 5  2 0 ,  ?. 3 5 2 7 2  2 3 8 1 3 8 7 9  4 0  

2 0  1 4 b 1 6 1  2 1 3 1 9 5  1 2 1 6 8  3 4  

3 0  7 6  1 0 9 1 3 3  1 4 4  9 7  5 7  2 8  

3 0 - Y I: A �  
C U M f'1 . 
P R O D . 1 0 1 3 9 ( t'\ M C F )  9 6 0 8  1 1 2 0 6  8 8 8 7 5 2 5 4  3 0 0 4  1 5 4 6 



BASE CASE 
NUMBER OF NUMBE R OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY USED 

1-' ( MD )  ALL GAS ! MAX=4 l 
1-' 

I 
1-' 
1.0 
Ul . 3 . 768 . 768 

• 1 1 . 0097 1 .o 1 0  

. 03 1 . 283 1 . 283 

. 0 1  1 . 873 1 . 8 73 

. 003 3 . 363 3 . 363 

. 00 1 5 . 954 4 .  

. 0003 1 0 . 674 4 . ' 

TABLE 1 1 - 1 76 

PRODUCT I ON WELL RE�REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i dger  
FORMAT I ON :  Front i er 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL W E L LS REQD . TO PRODUCE 
( BCF ) ALL GAS 

36 . 444 

350 . 578 

1 238 . 588 

1 8 1 5  . 768 

9 1 0  1 .  1 62 

262 1 . 845 

70 3 . 052 

468 1  

ADVANCED 
NUMBER OF 

WEL LS/SECT I ON 
ACTUALLY USED 

! MAX= 1 2 l 

. 444 

. 578 

. 588 

. 768 

1 .  1 62 

1 . 845  

3 . 052 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

( BC F ) 

36 

350 

1 238 

1 8 1 5  

9 1 0  

388 

1 84 

4 92 1 



f-' 
f-' I 
f-' 
\.0 
"' 

TABLE 1 1 - 1 7 7 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  and  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost  ( $/We i I )  

Fract u re Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5, B r i d ge r  
FORMAT I ON :  Front i er 

Ad vanced Ca se [ 2000/4000 Ft . Fract u re ) 

S u rf ace Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expe n se ( $/We i I )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W .  I .  Gas Revenue 

2 0 , 000 

2 , 272 , 000 

1 1 5 , 57 5  
1 4 7 , 000 - 380 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



f-' 
f-' 

I 
f-' 
\.0 

-...] 

BAS I N  Green R i ver 
SUB BAS I N  Br i dger,Lew i n  5,W/2 Lew i n  4 

PROF I T  K-LEVELS 
GAS PR I CE PROSP . ON STREAM 

CASE NO. $/MCF _ %_ NO. VALUE * 

D i scount Rate 10% 
2455 1 1 1  1 . 50 . 1  1 A 

2 1  2 . 50 9 . 1  3 ABC 
3 1  3. 1 0  25. 1 4 ABCD 
4 1  3 . 50 " " " 

5 1  5 .00 " " " 

6 1 7 . 00 37 . 1  5 ABC DE 
7 1  9 .00 " " " 
8 1  1 2 . 00 43 .0  6 ABCUEF 

D i scount Rate 1 5% 
1 2  1 . 50 0 0 0 
22 2 . 50 1 .  7 2 Al:l 
32 3. 1 0  9 . 1 3 ABC 
42 3 . 50 " " " 

52 5 .00 25 . 1  4 ABCD 
62 7 . 00 " " " 

72 9 . 00 37 . 1  5 ABCDE 
82 1 2 .00 " " " 

D i scount Rate 20% 
1 3  1 .  50 0 0 0 
23 2 . 50 1 .  7 2 AB 
33 3. 1 0  9 . 1 3 ABC 
43 3 . 50 " " " 

53 5.00 25. 1 4 ABCD 
63 7 . 00 " " " 

73 9 .00 " " " 

83 1 2 .00 .37 . 1  5 ABC DE 

*CODE : A B c D E 
0. 3 0 . 1 0 . 03 0 . 0 1  0 . 003 

TABLE  1 1 - 1 78 

ECONOM I CS SUMMARY 

FORMAT I ON Front i er 

AVERAGE PER PROSPECT BAS I N  TOTALS 
E & p GAS NET PRES .  UCF RATE 

I NVEST . PROD. VALUE OF RETURN GAS RECOVER. MAX RECOV . 
_$_M _ BCF $M % AT PR I CE1BCF G I P1BCF 

266 1 . 1 3  - 1 498 0 0 0 
5929 5 . 3 3 1  -506 7 . 0  0 0 

1 1 396 1 1 . 8 5 1  964 1 3 . 2  3439 3439 
" " 1 7 1 4  1 5 . 8  
" " 4530 2 5 . 4  

1 7 537 1 5 . 3 1 0  9678 33 .4  4349 4349 
" " 1 4 579 46 . 3  " " 

1 99 1 9  1 6 .247 22405 6 1 . 3  461 1 4737 

2655 0 - 1 492 0 0 0 
2832 . 3 58 - 1 400 0 0 0 
5929 5 . 33 1  -6 1 9  1 0 . 1 0 0 

" " -373 1 2 . 1 0 0 
1 1 396 1 1 . 8 5 1  2 1 08 25. 4 3439 3439 

" " 4693 38 . 2  " " 
1 7 55 7  1 5 . 3 1 0  8595 46 . 3  4349 4349 

" " 1 3688 66.6 

2655 0 - 1 482 0 0 0 
2832 . 3 58 - 1 4 1 6 0 0 0 
5929 5 . 3 3 1  -960 1 0 . 1 0 0 

" " -778 1 2 . 1  0 0 
1 1 396 1 1 .8 5 1  8 1 0  2 5 . 4  3439 3439 

" " 2723 38.2  
" " 4637 50. 9  

1 7537 1 5 . 3 1 0  9098 66 .6  4349 4349 

F G 
0 . 0 0 1  0 . 0003 

MAX . NO. 
PROSP . 

AT PR I CE 

0 
0 

290 

284 
" 

284 

0 
0 
0 
0 

290 
" 

284 

0 
0 
0 
0 

290 

284 

TECHNOLOGY 
DATE 

W I LDCAT 

!:lase 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
__J__ Q!:y Prod . Q.!:y_ Prod . 

. 1  0 0 0 0 
9. 1 0 0 0 0 

2 5 . 1 2 1 7  73 209 836 

37 . 1  1 7 9  105  349 1 394 
" " " " " 

43.0  1 62 1 22  404 1 6 1 5 

0 0 0 0 0 
1 .  7 0 0 0 0 
9 . 1 0 0 0 0 
" 0 0 0 0 

2 5 . 1 2 1 7  73  209 836 
" " " " " 

37 . 1  1 79 105  349 1 394 

0 0 0 0 0 
1 .  7 0 0 0 0 
9 . 1 0 0 0 0 
" 0 0 0 0 

2 5 . 1 2 1 7  73 209 836 

37 . 1  1 79 105  349 1 394 

Tota l 

0 
0 

1 33 5  

2026 
" 

2303 

0 
0 
0 
0 

1 335 
" 

2026 

0 
0 
0 
0 

1 3.35 

2026 



""' 

TABLE 1 1 - 1 79 

ECONOM I CS �y 
BAS I N  Green R i ver TECHNOLOGY Advanced 
SUB BAS I N  W/2 Lew i n  41Br i dyer1 Lew i n  Area 51 FORMAT I ON Front i er lJATE September 1 980 

& West of Moxa Arch 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T  K-LEVELS E & P GAS NET PRES . lJCF RATE MAX. NO. W l llJCAT 

GAS P R I CE PROSP . ON STREAM I NVEST . PROO. VALUE OF RETURN GAS RECOVER. MAX RECOV . PROSP . SUCCE SS W I LDCAT DEVELOPMENT 
CASE NO. $/MCF _:£_ NO . VALUE * _$_M_ BCF $M 1, AT PR I CE,BCF G IP1BCF AT PR I CE __i_ Q2 Prod . Q.!:y_ Prod . Tota l 

D i scount Rate 10% 
24532 1 I 1 . 50 25 . I 4 ABCD 6 5 1 6  1 1 . 844 -37 � - tl - - - 25 . 1 

2 1  2 . 50 37 . 1  5 At!CDE 8666 1 5 . 303 2629 2 1 . 5  4 34� 4349 284 37 . 1  1 7 9  105  122 487 tl93 
3 1  3 . 1 0 " " " " " 4204 28 . 6 
4 1  3 . 50 " " " " " 5253 55 . 4  
5 1  5 . 00 45 .0  6 ABCOEF 982 1 1 6 . 383 �709 50. 5 4737 4737 289 4 3 . 0  1 6 5  1 24 1 49 594 1032 

r-' 6 1  7 . oo " " " " " 1 5381  7 5 .  I " " " " " " " " " 

r-' 7 1  9 . 00 48 . 2  7 ABCDEFG 10909 1 6 . 929 2 1 489 9� . 5 492 1  4921  29 1 4 8 . 2  1 5 1 1 40 1 73 692 1 1 55  
I 8 1  1 2 . 00 " " " " " 303 18  1 5 1 . 6 r-' 1..0 D i scount Rate 1 5) 

co 1 2  1 .  50 9. 1 3 ABC 4366 5 . 325 - 1 1 1 9 4 .  I - 9 . 1  -
22 2 . 50 25 . I 4 ABCD 6 5 1 6  I I .B44 707 20. 2 3439 3439 290 2 5 . 1 2 1 7  73 7tl 3 1 2  681  
32 3. 1 0  3 7 .  I 5 ABCDE tl666 1 5 . 303 2 1 79 2tl . 6 4349 4349 284 37 . 1  1 79 1 05 1 22 487 893 
42 3 . 50 " " " " " 2935 33 . 4 " " " " " " " " " 

52 5 . 00 43 .0  6 ABCDEF 9tl2 1 1 6 . 383 6022 50 . 3 4737 4757 289 4 3. 0 1 65 1 24 1 49 594 1032 
62 7 . oo " " " " " 1 0072 7 5 . 1 
72 9 . 00 " " " " " 14 1 23 9'1 . 6 
82 1 2 . 00 48 . 2 7 ABCLJEFG 1 0909 1 6 . 929 20681 1 5 1 . 6  492 1 492 1 29 1 48 . 2  1 5 1  1 40 1 7  3 692 1 1 55  

D i scount Rate 20% 
1 3  1 .  50 9 . 1 3 ABC 4366 5 . 325 - 1 280 4. 1 - - - 9 . 1 
23 2 . 50 25 . 1 4 AlJCO 6 5 1 6  1 1 . tl44 22 20.2  3439 3439 290 25 . 1 2 1 7  73 7B 3 1 2  68 1 
33 3 . 1 0  " " " " " 656 26 . 5 " " " " " " " " 

" 
43 3 . 50 37 . 1 5 ABCLJE 8666 1 5 . 303 1 6 1 4  53 .4  4349 4349 21:!4 37 . 1  1 7 9  1 05  1 22 4tl7 893 
53 5 . 00 " " " " " 3745 5 1 . 3  " " " " " " " " 

" 
63 7 .oo 43 .0 6 ABCLJEF 982 1 1 6 . 383 7007 7 5 . 1 4 757 4757 289 43 .0  165 1 24 149 5�4 1032 
75 9. 00 " " " " " 1 0 1 00 99 . 6  " " " " " " " " 

" 
tl3 1 2 . 00 48 . 2 7 ABCO�FG 1 0909 1 6 . 929 1 5060 1 5 1 . 6  492 1 492 1 29 1 48 . 2 1 5 1  1 40 1 73 692 1 1 55  

*COOE : A B c 0 E F G 
0 . 3 0 . 1  0 . 03 0 . 0 1 0 . 003 0 .00 1  0 . 0003 



I-' 
I-' 

I 
I-' 
\.0 
\.0 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r + B l a nket 

NGL ( BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
(MD ) < SECT I ONS ) ( % )  ( FT . ) 

0 . 3 1 * * 

0 .  1 1 1  

0 . 03 33 

0 . 0 1 47 

0 . 003 26 

0 . 00 1 1 2  

0 . 0003 7 

1 38 

TABLE 1 1 - 1 80 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ger 
FORMAT I ON :  Mesaverde Lance + F ront i er 

UE:.PTH ( FT .  ) : 1 4 , 000 
PRESSURE ( PS I A ) : 7 700 
TEMPERATURE ( ° F ) : 242  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
E ST I MATED MAX . PROBAB I L I TY P ROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

( BCF ) ( BC F ) PRODUCT I VE 1 st W/C 2 n d  W/C 

23 . 60 1 5  * * * 

2 1 8 . 73 1 37 

658 . 07 444 

9 1 6 . 88 64 1 

5 1 9 . 96 340 

258 . 1 7  1 59 

1 38 . 1 4  79  --

2734 . 1 809 

* Refer  to i nd i v i d ua l  format i ons for these data . 



TABLE 1 1 - 1 81 

W E L L  P R O D U C T I O N S U M M A R Y- - B A S E  C A S E  

G R E A T E R G R E E N R I V E R ,  W / 2  L E W I N 4 A N D  5 - B R D G E R ,  M . V E R D E - L A N C E + F R N T R . 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K .. 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MD )  
Y F. A R  

1 1 3 3 6 1 0 3 7  7 5 8  5 5 1  3 6 5 2 8 1 2 2 8 

1--' 2 8 5 6 6 8 4  4 7 6  3 1 9  2 0 5  1 4 8 1 1 8  1--' 
I 

N 
0 
0 5 3 9 8  3 8 2 3 1 4 2 0 1  1 2 2 8 7  6 5  

1 0  1 8 8  2 0 8 2 1 1 1 5 4  8 8  5 9  4 4  

1. 5 1 0 7  1 3 9  1 5 4 1 2 6 7 2  4 6  3 3  

2 0  8 6  9 0 1 2 3  1 0 6 6 3  3 9  2 7 

3 0  6 2  5 6  8 1  8 0  5 1  3 2  2 1  

3 0 - 't' E A R  
C U M f"' . 
P r< O Q .  6 8 1 9  

( M r<: C F ) 
6 4 6 0  6 0 9 0  4 5 9 9  2 7 6 9 1 8 9 0  1 3 9 9  



TABLE 1 1 - 1 82 

� E L L  P R O D U C T I ON S U M M A R Y--A D V A N C E D  C A S E  

G R F A T E R G R E E N R I V E R , W / 2  L E W I N  4 A N D  5 - B R D G E R ,  M . V E R D E - L A N C E + F R N T R . 

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

K & 0 . 3  0 . 1  o . o 3 0 . 0 1 0 . 0 0 3 0 . 0 0 1 o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 1 8 3 3  1 5 3 6  1 6 6 9  1 2  8 1  8 7 9  6 1 3  4 3 1  

I-' 
2 1 2 2 3  9 8 1  1 0 6 3  7 7 9 4 9 3  3 2 6  2 2 4  I-' 

I 
N 
0 
I-' 5 6 7 7  5 9 6  6 5 6 4 8 2  2 9 6  1 9 5  1 2 7  

1 0 3 7 2  3 6 7  4 2 2  3 3 5  2 0 8  1 3 2  8 8  

1 5  2 3 4  2 6 3 3 0 0 2 6 6 1 6 6 1 0 7  6 8  

2 0  1 6 9  1 8 5  2 3 6  2 1 8  1 4 4  9 1  5 7  

3 0  9 2  1 2 5  1 4 9 1 6 0  1 1 3 7 3  4 4  

3 0- Y E A R 
C U � M . 
P R O D . 1 1 3 7 9 1 0 8 3 9  1 2 4 3 9  1 0 1 2 0 6 4 90 4 2 4 0 2 7 8 0 

( M M C F )  



TABLE 1 1 - 1 83 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4,  Lew i n  5 ,  Br i d ger 
FORMAT I ON :  Mesa Verde-Lance + F ront i er 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS RE()D . TO PRODUCE ACTUALLY USED ACTUAL WELLS 

...... ( MD )  ALL GAS I MAX=4 l ( BCF ) ALL GAS I MAX= 1 2 l  ( BCF ) ...... 
I 

1\..) 
0 
1\..) . 3  1 .  59  1 .  5 9  1 5  . 96 . 96 1 5  

• 1 1 .  92 1 .  92 1 37 1 .  1 4  1 .  1 4  1 37 

. 03 2 . 20 2 . 20 444 1 .  08 1 . 08 444 

. o  1 2 . 97 2 . 97 64 1 1 . 35 1 . 3 5  64 1 

. 003 4 . 67 4 . 29 1 2 . 00 2 . 00 340 

. 00 1 6 . 52 4 . 94 2 . 90 2 . 90 1 53 

. 0003 8 . 1 7  4 .  39 4.  1 1  4 .  1 1  79  

1 66 1  1 809 



I-' 
I-' 

I 
N 
0 
w 

TABLE 1 1 - 1 84 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr  i I I i ng Cost ( $/We I I )  

Fra cture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N :  W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ge r  
FORMAT I ON :  Mesa  V erde - Lance + F ront i er 

Ad vanced Case [ 2000/4000 Ft.  Fract ure ] 

S u rface E q u i pment ( $/We I I )  

Annua l Operat i ng Expen se ( $/We i I )  

Compres sor F ue l Cos t ,  Rat i o  of Cost to 

W . l .  Ga s Revenue 

2 0 , 000 

2 , 27 2 , 000 

349 , 000 
6 1 0 , 000 - 843 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE l l - 1 85 

ECONOM I C S SUMMARY 
BAS I N  Green f< i ver 
SUB BAS I N  Br i dqer,Lew i n  5,W/2 Lew i n  4 FORMAT I ON Mesa Verde,Lance + Fron t i er 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T  K-LE VELS E & P GAS NET PRES .  DCF RATE 

GAS PR I CE PROSP. ON STflEAM I NV EST . PROD . VALUE OF RETURN GAS RECOVER. MAX RECOV . 
CASE NO. $/MCF _ %_ NO . VALUE * _$_M _ � $M % AT PR I CE1BCF G I P,BCF 

D i scount Rate 1 0% 
2454 1 1 1  1 . 50 1 . 7  1 A. 2873 . 2 1 7  - 1 52 1  0 0 0 

2 1  2 . 50 9 . 0  j ABC 3488 1 . 5 16 - 1 04 1 0 0 0 
3 1  3 . 10  2 5 . 2  4 ABCD 5046 4 . 1 56 -23 9.1:! 0 0 
4 1  3 . 50 " " " " " 3 1 0  1 2 .  1 1 237  1 237 
5 1  5 .00 37 . 5  5 ABC DE 62 3 1  5 . 51:!6 2203 25. 1 1 529 1 5 77 

1-' 6 1  7 .00 4 3 . 3  6 ABCDEF 6848 6. 107  4675  3 7 . 2  1622 1 730 
1-' 7 1  9 .00 48 . 3  7 ABCUEFG 7206 6 .350 725"2 52 . 3  1661  1809 
I 8 1  1 2 . 00 " " " " " 1 0864 7 6 . 2  N 0 D i scount Rate 1 5% ""' 1 2  1 .  50 0 0 - 278() 0 - 1 5 50 0 0 0 

22 2 . 50 9 . 0  3 ABC 341:!1:! 1 . 5 1 6  - 1 1 97  0 0 0 
32 3. 1 0  " " " " " - 1 04 1  1 . 6 0 0 
42 3 . 50 2 5 . 2  4 ABCD 5046 4 . 1 56 -3 1 3 1 2 . 1  0 0 
52 5 .00 " " " " " 622 20 . 7  1 237  1 237  
62 7 . 00 3 7 . 5  5 ABC DE 623 1 5. 51:!6 26 1 5  36 . 9 1 529 1 5 77  
72 \1 .00 4 3 . 3  6 ABCUEF 61:!48 6. 1 0 7  4552 �2 . 3 1 622 1 730 
82 1 2 .00 4 8 . 3  7 ABCDEFG 7206 6. 3 50 742 1 76 . 2 1661  1809 

D i scount Rate 20% 
1 3  1 . 50 0 0 - 271:!6 0 - 1 535 0 0 0 
23 2 . 50 1 .  7 1 A 2B73 . "2 1 7  - 1 4 72 0 0 0 
35 3. 10  9 . 0  3 ABC 3488 1 . 5 1 6  - 1 1 6 1  1 . 6 0 0 
43 3 . 50 .. " " " " - 1 0 7B 5 . 0 0 0 
53 5.00 2 5 . 2  4 1\UCU 5046 4. 1 56 67 20 . 7  1 237  1 237  
63 7 .00 37 . 5  5 ABCOE 625 1 5 . 51:!6 1 580 56 . <,1  1 529 1 5 77 
T5 9 .00 43 .3  6 Af:lCOEF 61:J41:! 6. 1 0 7  3085 52 . 3 1 622 1 730 
83 1 2 .00 48 .3  7 ABCDEFG 7206 6 . 350 5350 76 . 2 1661 1809 

*CODE : A B c D E F G 
0 . 3 0 . 1  0 . 03 0 . 0 1  0 . 003 0.001  0 . 0003 

MAX . NO . 
PROSP . 

AT PR I CE 

0 
0 
0 

298 
274 
266 
262 

0 
0 
0 
0 

298 
274 
266 
262 

0 
0 
0 
0 

298 
274 
266 
262 

TECHNOLOGY 
DATE 

W I LDCAT 

£:lase 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ Q.c.y_ 

1 . 7 0 
9 . 0  0 

2 5 . 2  0 " 223 
3 7 . 5  1 7 1  
4 3 . 3  1 5 1  
48 .3  1 3 5  

0 0 
9 . 0  0 " 0 

25 .2  0 " 225 
37 . 5  1 7 1  
4 3 . 3  1 5 1  
4B . 3  1 3 5  

0 0 
1 .  7 0 
9 . 0  0 " 0 

2 5 . 2  225 
37 . 5  1 7 1  
4 3 . 3  1 5 1  
48 . 3  1 35 

Prod . QLy_ Prod . 

0 0 0 
0 0 0 
0 0 0 

7 5  50 202 
1 03 7 1  282 
1 1 5 8 1  323 
1 26 87 346 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

7 5  50 202 
103 7 1  282 
1 1 5 8 1  323 
1 26 87 346 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

7 5  50 202 
103 7 1  2i:J2 
1 1 5 8 1  323 
1 26 87 346 

Tota l 

0 
0 
0 

549 
627 
670 
694 

0 
0 
0 
0 

549 
62 7 
670 
694 

0 
0 
0 
0 

549 
627 
670 
694 



f--1 f--1 
I N 

0 
Ul 

BAS I N  Green R i ver 
SUB BAS I N  Br i d8er, Lew i n  5, W/2 Lew i n  4 

PROF I T K-LEVELS 
GAS PR I CE PROSP . ON STREAM 

CASE NO . $/MCF _%_ NO . VALUE * 

D i scount Rate 1 0% 
24542 1 1  1 . 50 9 . 0 1 c 

2 1  2 . 50 37 . 5 5 ABCDE 
3 1  3 . 1 0  " " " 

4 1  3 . 50 " " " 

5 1  5 .00 4 3 . 3  6 ABCDEF 
6 1  7 . 00 4 8 . 3  7 ABCDEFG 
7 1  9 . 00 " " " 

8 1  1 2 . 00 " " " 

D i scount Rate 1 5% 
1 2  1 . 50 9 . 0 1 c 

22 2 . 50 2 5 . 2  4 ABCD 
32 3 . 1 0  37 . 5 5 ABCDE 
42 3 . 50 " " " 

52 5 . 00 43 . 3 6 ABCDEF 
62 7 .00 48 . 3  7 ABCDEFG 
72 9 .00 " " " 

82 1 2 .00 " " " 

D i scount Rate 20% 
1 3  1 . 50 0 0 -
23 2 . 50 2 5 . 2  4 ABCD 
33 3 . 1 0  " " " 

43 3 . 50 " " " 

53 5 . 00 37 . 5  5 ABCDE 
63 7 . 00 4 3 . 3 6 ABCDEF 
73 9 .00 4 8 . 3  7 ABCDEFG 
83 1 2 . 00 " " " 

*CODE : A B c D E 
0 . 3  0 . 1 0 . 03 Q . Q l  0 . 003 

TABLE 1 1 - 1 86 

E CONOM I CS SUMMARY 

FORMAT I ON Mesaverde,Lance + Front i er 

AVERAGE PER PROSPECT BAS I N TOTALS 
E & P GAS NET PRES.  DCF RATE 

I NVEST . PROD . VALUE OF RETURN GAS RECOVER. MAX RECOV . 
_$_M_ BCF $M % AT PR I CE1BCF G I P1BCF 

3862 1 . 503 - 1 629 0 0 0 
5 1 99 5 . 5 7 7  296 1 2 . 0  0 0 

" " 1 038 1 7 . 2 1 57 7  1 57 7  
" " 1 532 20 . 8  

5745 6 . 302 3848 36 .4 1 730 1 730 
6440 6 . 768 7049 5 7 . 0 1 809 1 809 

" " 1 0033 7 8 . 9  
" " 1 4 509 1 1 2 . 0  

3862 1 . 503 - 1 708 0 0 0 
4 4 6 1  4 . 1 4 1  -654 8 . 5  " " 

5 1 99 5 . 5 7 7  247 1 7 . 2 1 57 7  1 57 7  
" " 628 2 0 . 8  1 7 30 1 730 

5745 6 . 302 2366 36 . 4  1 809 1809 
6440 6 . 768 4 783 5 7 . 0 

" " 7082 7 8 . 9  
" 1 0530 1 1 2 . 0 

36 1 0  0 - 1 980 0 0 0 
4 4 6 1  4 . 1 4 1  -927 8 . 5  0 0 

" " -596 1 2 . 5 
" " -376 1 5 . 3 

5 1 99 5 . 5 7 7  1 22 7  34 . 6  1 57 7  1 57 7  
5745 6 . 302 3 1 67 5 7 . 0  1 730 1 7 30 
6440 6 . 768 5230 7 8 . 9  1 8 09 1 8 09 

" " 8022 1 1 2 . 0  

F G 
0 . 00 1 0 . 0003 

MAX . NO . 
PROSP . 

AT PR I CE 

0 
0 

283 

2 7 5  
267 

0 
" 

283 
27 5 
267 

0 
0 

283 
27 5 
267 

T ECHNOLOGY 
DAT E 

W I LDCAT 

Advanced 
Septef:lber 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ Q.r:.y Prod . Q!:L Prod . 

9 . 0 0 0 0 0 
25 . 2 0 0 0 0 
37 . 5  1 7 7  1 06 25 1 0 1  

43 .3 1 55 1 1 9 33 1 3 1  
48 . 3 1 38 1 29 42 1 7 1  

9 . 0 0 0 0 0 
25 . 2 
37 . 5  1 77 1 06 25  1 0 1  
43 . 3 1 5 5  1 1 9 33 1 3 1  
48 . 3  1 38 1 29 42 1 7 1 

0 0 0 0 0 
25 . 2 0 0 0 0 

37 . 5  1 7 7  1 06 25 1 0 1  
43 . 3 1 55 1 1 9 33 1 3 1  
48 . 3 1 38 1 29 42  1 7 1  

Tota l 

0 
0 

4 1 0 

440 
480 

0 

4 1 0 
440 
480 

0 
u 

4 1 0 
440 
480 



TOTAL BAS I N  AREA ( SECT I ONS ) :  

f-' f-' I 

TYPE : Lent i cu l a r 

NGL ( BBL/MMCF ) :  2 5 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
( MD )  ( S ECT I ONS ) 

� 0 . 03 3 
0'\ 

0 . 0 1 1 0  

0 . 003 33 

0 . 00 1  47  

0 . 0003 26 

0 . 000 1 1 2  

0 . 00003 7 

1 38 

H/C GAS 
POROS I TY 
___i!) 

* 

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE 1 1 - 1 87 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  B r i dger 
FORMAT I ON :  Ft . U n i on + Mesaverde La n ce 

DEPTH ( FT .  ) : 1 1  , 000 
PRESSURE (PS I A ) :  5500 
TEMPERATURE ( ° F ) : 200 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF  NATURE I S  PROD 

C BCF > C BCF ) PRODUCT I V E 1 st W/C 2nd  W/C 

50 . 82 37 * * * 

204 . 88 1 40 

779 . 1 3  499 

1 300 . 7 5 7 78 

749 .97  4 1 7 

382 . 1 6  1 96 

233 .9 7  1 1 0 

3701 . 68 2 1 7 7 

* Refer to i nd i v i d ua l format i ons for these data . 



TABLE 1 1 - 1 88 

W E L L  P R O D U C T I O N S U M M A R Y -- B A S E  C A S E 

G R E A T E R  G R E E N R I V E � , W / 2  L E W I N  4 A N D 5 - B R D G E R ,  F T  U N I O N + M . V E R D E- L N C E 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1  0 . 0 3 o . o 1 o . o o 3 0 . 0 0 1  o . o o o 3  o . o o o 1  o . o o o o 3  o . o o o o 1  < M D )  
Y E A R  

1 5 4 2  4 5 7 3 7 1  2 8 7  2 2 8  1 8 9 1 67 

t-' 
t-' 
I 2 2 4 3 2 3 3  1 9 2  1 4 9 1 1 9 9 6  8 6  

N 
0 
-...J 

5 9 4  1 1 6 1 0 5  8 4  6 7  5 5  4 9  

1 0  3 7  6 2  6 6  5 7  4 5  3 7  3 3  

1 5  2 2  3 4  4 7  4 4  3 5  2 9  2 5  

2 0  1 7  2 7  3 8  3 6 2 9  2 4  2 1  

3 0  1 2  1 6  2 4  2 8  2 3  1 9  1 6  

3 0- Y F. A R  
c u r, M .  
P R O D . 1 8 1 0  2 0 9 9  2 0 9 9  1 8 2 0  1 4 6 9  1 2 1 0 1 0 6 0  

( K M C F ) 



TABLE  1 1 - 1 89 

� E L L  P R O D U C T I O N S U M M A � Y - - A D V A N C E D  C A S E 

G R E A T E R G R E E N  R I V E R , � / 2  L F. W I N  4 A N D 5 - B R D G f R ,  F T  UN I O N + M . V E R D E - L N C E 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  O e l  0 . 0 3  o . o i 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y F. A R  

1 7 6 9  6 1 5 4 5 4  3 9 0  3 2 0  2 8 5  2 5 3 

I-' 
I-' 

I 2 3 7 3  3 0 8  2 2 6  1 8 9  1 5 4  1 3 0  1 1 6 
N 

0 
co 

5 1 7 0  1 6 7 1 2 7 1 0 6 8 7  7 2  6 4  

1 0  8 5  1 0 1  8 2  6 6  5 6  4 6  4 0  

1 5  4 f<  7 2  6 0  4 7  4 1  3 4  3 1  

2 0  2 9  5 5  4 9  3 8  3 5  2 8  2 4  

3 0  1 6  3 4  3 5  2 5  2 6  1 9  1 7  

3 0 - Y E A R 
C G I"' r. . 
P R C• D • 3 0 4 9 3 2 6 9  2 6 2 0  2 1 4 0 1 8 2 0  1 5 0 9  1 3 5 0 ( M !'l C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERIIIJ . REQD . TO PRODUCE ACTUALLY USEU 

I-' ( MD )  ALL GAS [ MAX=4 1 
I-' 

I 
N 

0 
1.0 . 03 7 . 43 4 

. o  1 6 . 90 4 

. 003 7 .  1 7  4 

. 00 1 9 .  1 1  4 

. 0003 1 0 . 84 4 

. 000 1 1 3 . 05 4 

. 00003 1 5 . 03 4 

TABLE 1 1 - 1 90 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ger 
FORMAT I ON :  Ft . Un i on + Mesa Verde-La nce 

ADVANCED 
RECOV ERAB LE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WEL LS/SECT I ON 
ACTUAL WEL LS REQD . TO PRODUCE ACTUALLY USED 

< BCF ) ALL GAS [ MAX= 1 2 1  

20 4 . 39 4 . 39 

8 1  4 . 43 4 . 43 

2 7 9  5 . 74 5 . 74 

342 7 . 75 7 . 7 5  

1 54 8 . 74 8 . 74 

60 1 0 . 45  1 0 . 4 5  

2 9  1 1 . 78 1 1 . 78 

964 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WELLS 

( BC F ) 

37 

1 40 

49 9 

778  

4 1 7  

1 96 

1 1 0 

2 1 7 7 



f--' 
f--' 
I 

N 
f--' 
0 

TABLE l l - 1 9 1 

I NV E STMENT AND OPERAT I NG EXPENSES 

Geo l og y  and Geop hys i cs ( $/Pros pect ) 

Dr i I I  i ng Cos t  ( $/We l l )  

Fracture Cost ( $/We i I )  

Ba se Case [ 1 000 Ft . Fractu re ] 

BAS I N : Greater Green  R i ver 
SUB-BAS I N : W/2 Lew i n  4 ,  Lew i n  5 ,  Br i d ge r  
FORMAT I ON :  Ft . Un i on + Mesa V erde - Lance 

Ad vanced Cas e  [ 2000/4000 Ft . Fract ure ] 

Sur face Eq u i pment ( $/We l l )  

An n ua l Operat i ng E x pense ( $/We i I )  

Compres sor F ue l Cost , Rat i o  of  Cost to 

W .  I .  Ga s Revenue 

20 , 000 

1 , 1 94 , 000  

388 , 000 - 685 , 000 
770 , 000 - 1 , 398 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE  l l - 1 92 

ECONOM I CS SUMMARY 
BAS I N  Grea ter  Green R i ver  TECHNOLOGY Base 

SUB BAS I N  B r i dge r  ,Lew i n  5 & W/2 Lew i n  4 FORMAT I ON F t . Un i on + Mesa Verde , Lance PATE Se�tember 1280 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . D C F  RATE MAX NO . W I LDCAT 

GAS PR I CE PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO .  VMC F  __ %_ NO . VALUE * __i!L_ � _lli_ % AT PR I C E,BCF G I P  BCF  AT  PR I CE % Q.[L PROD . DRY PROD . TOTAL 

p i scoun t Rate l �k 
2455 1 1 1  I .  50 0 0 0 1 8 1 0  0 - 1 02 3  0 0 0 0 0 0 0 0 0 0 

2 1  2 . 50 " " " " " " " " " " " 

3 1  3 .  1 0  1 3 . 0 2 DE 2700 1 . 240 -669 1 . 2  " " " 1 3 . 0  
4 1 3 . 50 " " " " " - 590 2 . 4 " " " " 

5 1  5 . 00 47 . 8 5 C DE FG 4937 3 . 803  896 1 7 . 8  876 1 87 1  230 47 . 8  1 20 1 1 0  86 344 66 1 
6 1  7 . 00 54 . 4 6 CDEFGH 5229 4 . 067 2435 3 1 . 9  937 2067 " 54 . 4  1 05 1 25 94 374 698 
7 1  9 . 00 59 . 2 7 CDEFGH I 5 368 4 . 1 92 40 1 9  47 . 4  967, 2 1 77 2 3 1  59 . 2  94 l :i7 97 388 7 1 5  1--' 8 1  1 2 . 0 0  " " " " " 6268 7 1 . 0  " " " " " " 

1--' 

I D i scoun t Rate l�k 
N 
1--' 

1 2  I .  so 0 0 0 1 8 1 0  0 - 1 0 1 6  0 0 0 0 0 0 0 0 0 0 

1--' 22 2 . 50 
3 2  3 . 1 0  
42 3 . 5 0  2 . 5  I D 1 94 1 1 .  80 -955 " " " " 2 . 5  
52  5 . 00 33 - 9 4 CDEF 3734 2 . 670 33 1 5 . 4 722 1 454 270 3 3 . 9  1 79 92 63 253  587 
6 2  7 . 00 4 7 . 8  5 CDEFG 4937 3 . 803 1 268 3 1 . 0  876 1 87 1  2 30 4 7 . 8  1 20 1 1 0 86 344 661 
72 9 . 00 54 . 4  6 CDE FGH 5229 4 . 067 2487 46 . 7  937 2067 " 54 . 4 1 0 5  1 25 94 3 74 698 
82 1 2 . 00 59 . 2  7 CDEFGH I 5368 4 . 1 92 4285 71 . 0  967 2 1 77 2 3 1  59 . 2  94 1 37 97 388 7 1 5  

D i scou n t  Rate 20% 
1 3  I .  5 0  0 0 0 1 8 1 0  0 - 1 008 0 0 0 0 0 0 0 0 0 0 
23 2 . 50 
3 3  3 .  1 0  
43 3 . 50 
5 3  s . oo 1 3 . 0  2 DE 2700 1 . 240 - 589 7 . 0  " " " 1 3 . 0 
63  7 . 00 3 3 . 9  4 CDEF 3734 2 . 670 363 26 . 8 722 1 454 270 3 3 . 9  1 79 92 63 253  587  
73  9 . 00 47 . 8  5 CDEFG 4937 3 . 803 1 5 1 7  45 . 3  876 1 87 1  2 30 47 . 8  1 20 1 1 0  86 344 661 
83 1 2 . 00 59 . 2  7 CDEFGH I 5368 4 . 1 92 3094 71 . 0  967 2 1 77 2 3 1  59 . 2  94 1 37 97 388 71 5 

* CODE : C D  E F G H I  
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 00 0 1  0 . 00003 



...... ...... I N ...... N 

TABLE  l l - 1 9 3 

Greater  Green R i ve r  
ECONOM I CS SUMMARY 

BAS I N  

SUB BAS I N�r,lewjn 5 & W/2 Iewin 4 FORMAT I ON Et.Ucigo + �'�� ��rd� Lao'� 

GAS PR I C E  
CASE NO. VMCF 

D i scount Rate  10% 
24552 I I  

2 1  
3 1  
4 1 
5 1  
6 1  
7 1  
8 1  

I .  50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scount Rate ��� 
1 2  I .  so 
22 2 . 50 
32 3 .  1 0  
42 3 . 50  
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount Rate 20% 
1 3  I .  50  
23  2 . 50 
3 3  3 . 1 0  
43 3 . 50 
53  5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : 

AVERAGE PER PROSPECT 
PROF I T . K -LEVELS E & p GAS NET PRE S .  
PROS P . ON STREAM I NVEST . PROD . VALUE 
_%_ NO . VALUE * _j1i_ ....!££.... �M 

0 0 0 2250 0 - 1 272 
2 . 5  2 CD 2474 . 32 3  - 1 1 8 1  

1 3 . 0  3 CDE 4 1 54 2 . 1 05 -695 " " " " " - 506 
4 7 . 8  5 CDEFG 1 1 83 7  7 . 780 2876 
54 . 4  6 CDEFGH 1 3455 8 . 587 6843 
59 . 2  7 CDEFGH I 1 4505 9 . 048 1 1 0 5 1  

" " " " " 1 7043 

0 0 0 2250 0 - 1 2 5� " " " " " 
2 . 5  2 CD 2474 . 323  - 1 1 63  " " " " " 

- 1 1 38 
3 3 . 9  4 CDEF 7720 5 . 06 1 869 
4 7 . 8  5 CDEFG 1 1 83 7  7 . 780 3936 
54 . 4  6 CDEFGH 1 3455 8 . 587 7 1 74 
59 . 2  7 CDEFGH I 1 4505 9 . 048 1 20 36 

0 0 0 2250 0 - 1 246 " " " " " " 
. 7 1 c 2298 . 70 - 1 224 

2 . 5  2 CD 2474 . 32 3  - 1 1 56 
1 3 . 0  3 CDE 4254 2 . 1 05 -5 1 3  
47 . 8 5 CDEFG 1 1 837 7 . 780 25 1 3  
54 . 4  6 CDEFGH 1 3455 8 . 587 5049 
59. 2  7 CDEFGH I 1 4505 9 . 048 892 1 

C D  E F G H I  
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 

BAS I N  TOTALS 
DCF  RATE 
OF RETURN GAS RECOVER • MAX RECOV . 

% AT PR I C E,BCF G I P  BCF  

0 0 0 
0 " " 
3 . 4  " " 
5 . 2  " " 

2 3 . 3 1 87 1  1 87 1  
4 1 . 7  2067 2067 
62 . 2  2 1 77 2 1 77 
98 . 8  " " 

0 0 0 
" " " 

0 
" " 

0 
" " 

22 . 4  1 454 1 454  
42 . 3  1 87 1  1 87 1  

63 . 7  2067 2067 
98 . 8  2 1 77 2 1 77 

0 0 0 
" " " 

0 
" " 

0 
" " 

1 1 . 9 
" " 

42 . 9  1 87 1  1 87 1  

6 3 . 7 2067 2067 

98 . 8  2 1 77 2 1 77 

TECHNOLOGY 1\d�iiO,S:d 
DATE Scl!tcmbcc 1960 

WELLS 
MAX NO. W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVELOPMENT 

AT PR I CE '& !lliY. PROD . DRY PROD. TOTAL 

0 0 0 0 0 0 0 
" 2 . 5  
" 1 3 . 0  
" " 

240 4 7 . 8  1 26 1 1 5 2 1 9  879 1 3 38 
24 1  54 . 4  1 1 0 1 3 1 253 1 0 1 2  1 507 
24 1 59 . 2  98 1 42 273 1 088 1 60 1  

" " 

0 0 0 0 0 0 0 
" " " " " " " 
" 2 . 5  
" " 

287 3 3 . 9  1 90 97 1 54 6 1 7  1 058 
240 47 . 8 1 26 1 1 5  2 1 9  879 1 338 
24 1  5 4 . 4 1 1 0  1 3 1 253 1 0 1 2  1 507 
24 1  59 . 2 98 1 42 273 1 088 1 60 1  

0 0 0 0 0 0 0 
" " 
0 . 7  
" 2 . 5  
" 1 3 . 0  

240 4 7 . 8  1 26 1 1 5  2 1 9  879 1 338 
24 1  5 4 . 4  1 1 0  1 3 1 253 1 0 1 2  1 507 
24 1  59 . 2  98 1 42 273 1 088 1 60 1  



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
...... PERM • AREA POROS I TY TH I CKNESS 
...... (MD ) ( S ECT I ONS ) ( % ) ( FT . ) I IV ...... 
w 

o .  1 9 5 .8 7 

0 . 03 43 5 . 0 1 3  

0 . 0 1  76 4 .4 20 

0 . 003 76 3 . 9  29 

0 . 00 1 33 3 . 5 40 

237 

TABLE 1 1 - 1 94 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ve r  
SUBBAS I N : S a n d wash 
FORMAT I ON :  Lew i s  7 000 

EST i MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BC F )  C BCF ) 

2 1 . 1 5  1 8  

1 6 1  . 68 1 1 6 

386 . 84 28 1 

497 . 04 338 

266 . 97 1 72 

1 334 . 925 

DEPTH ( FT . ) :  7000 
PRESSURE ( PS I A ) : 3080 
TEMPERATURE ( ° F ) : 1 58 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE J2.!_W/C 2 n d  W/C 

0 . 2 5  1 . 0 

0 . 30 1 .o 

0 . 40 1 . o  

0 . 50 1 . o  

0 . 60 1 . o  



TABLE  1 1 - 1 95 

� E L L  P R O D U C T I O N S U M M A R Y- - B A S E  C A S E 

G R E A T E R G R E E N  R I V E R ,  S A N D W A S H ,  L E W I S  7 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1 0 . 0 3 o . o 1  0 . 0 0 3  o . o o 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 1 7 9 1 6 9 1 3 9 1 0 0 7 4  

....... 2 1 2 5  1 0 6  8 5  5 6 4 0  
....... 
I 

tv ....... 
5 8 8  7 4  5 4  3 6 2 4  ol::o 

1 0  6 1  5 8 4 2  2 7  1 9  

1 5  4 6  5 0  3 7  2 3  1 5  

2 0  3 7  4 3  3 3  2 0  1 3  

3 0  2 4  3 4  2 9 1 8  1 1  

3 0 - Y E A R 
C U f'l f"! . 
P R O D . 1 7 1 6  1 7 1 2  1 3 2 2  8 5 6  5 8 5  

( M M C F ) 



TABLE  l l - 1 96 

W E L L  P R OD U C T I O N S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R G R E E N  R I V E R ,  S AN D W A S H ,  L E W I S 7 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . :3  0 . 1 0 . 0 3  0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 2 7q 3 g 5  3 7 6  3 3 4  2 6 4  

2 1 g o 2 7 2  2 3 8  1 9 4  1 4 8  
1--' 
1--' 
I 

N 
5 1 2 9  1 8 3  1 5 7 1 2 1  8 7  1--' 

U1 

1 0  9 4  1 3 5  1 1 5  8 6  6 3  

1 5 7 5  1 1 0  9 6  7 2  5 3  

2 0  6 3  g 4  8 4  6 3  4 5  

3 0  4 6  7 2  6 8  5 2  3 7  

3 0 - Y E A R 
C U � M . P R O D . 2 7 2 5  3 9 2 7  3 4 g 5  2 7 1 3  2 0 0 0  

O', M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . RE(,)D . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS [ MAX=4 J 

I-' 
I-' 

I 
N 

• 1 1 . 06 1 . 06 I-' 
0"1 

. 03 1 .  6 1 . 6  

. o  1 2 . 8 1  2 . 8 1  

. 003 5 . 2 1  4 . 0 

. 00 1  8 . 82 4 . 0  

TABLE 1 1 - 1 9 7  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwash 
FORMAT I ON :  Lew i s  7000 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

1 8  . 668 

1 1 6 . 697  

28 1 1 . 06 1 

2 59 1 . 647 

78 2 . 585 

752 

L. 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX= 1 2 1  ( BCF ) 

. 668 1 8  

. 697 1 1 6 

1 . 06 1 28 1 

1 . 647 338 

2 . 585  1 72 

925 



I-' 
I-' 

I 
IV 
I-' 
-..J 

TABLE 1 1 - 1 98 

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e ]  

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwa s h  
FORMAT I ON :  Lew i s  7000 

Ad vanced Ca se [ 2000/4000 Ft . Fracture ] 

S urface Eq u i pment ( $/We i I )  

A n n ua l Operat i ng Expen se ( $/We i I )  

Compressor  Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Ga s Revenue 

20 , 000 

469 , 000 

94 , 000 
1 1 9 , 000 - 308 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE 1 1 - 1 99 

ECONOM I CS SUMMARY 
BAS I N  �[egt�t Gre�n R i ver TECHNOLOGY Base Case 
SUB BAS I N  Sandwash FORMAT I ON Lew i s  7000 DATE J une 1 960 

AVERAGE PER PROSPECT BAS I N  TOTALS WE LLS 
PROF I T . K -LEVELS E & P GAS NET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV .  PROSP .  SUCCESS W I LDCAT DEVE LOPMEt<T 
CASE NO . S/MCF __ %_ NO . VA LUE * _w__ � �M � AT PR I C E,IC F  G I P  B C F  A T  PR I CE X. Q.!!.'!. �· DRY PROD . TOTAL 

D i scount Rate  1 0% 
06 1 1 1 1 1  l .  50 0 0 - 645 - - 366 0 - - - 0 

2 1  2 . 50 20 . I 3 BCD 1 1 30 l .  1 2 1  -99 7 . 2  - - 20 . l 
3 1  3 .  1 0  20 . I 3 BCD 1 1 30 " 3 1  1 0 . 8 4 1 5  4 1 5  370 20 . l 296 74 56 235 663 
4 1 3 . 50 36 . 2  4 BCDE 1 806 2 . 237 324 1 6 . 0 674 753 301  36 . 2  1 93 1 06 1 1 5  46 1 677 
5 1  5 . 00 44 . 0  5 BCDEF 2093 2 . 564 990 27 . 4 752 925 293 44 . 0  1 64 1 29 1 40 559 992 
6 1 7 . 00 44 . 0 5 BCDEF 2093 " 1 856 44 . 5 " " " 44 . 0  " " " " 

7 1  9 . 00 44 . 0  5 BCDEF 2093 " 272 1  62 . 7 " " " 44 . 0  
6 1 1 2 . 00 44 . 0  5 BCDEF 2093 " 4020 90 . I " " " 44 . 0  

D i scount  Rate l 5'i. 
I-' 1 2  l .  50 0 0 645 - 367 0 - - -

0 
I-' 22 2 . 50 6 . 8  2 BC 609 . 440 -267 0 . 8  - - - 6 . 6 
I 32  3 .  1 0  20 . l 3 BCD 1 1 30 I .  1 2 1  - 1 1 4 1 0 . 8  - - - 20 . l tv 42 3 . 50 20 . I 3 BCD 1 1 30 " -50 1 3 . 2  - - 20 . I I-' 52  5 . 00 36 . 2  4 BCDE 1 606 2 . 237 464 2 7 . 6 674 753  30 1  36 . 2  1 93 1 06 1 1 5 46 1 677 00 62 7 . 00 44 . 0  5 BCOEF 2093 2 . 564 1 1 47 44 . 5  752 925 293 44 . 0  1 64 1 29 1 40 55� 992 

72 9 . 00 44 . 0  5 BCDEF 2093 " 1 765 62 . 7  " " " 44 . 0  " " " " " 
62 1 2 . 00 44 . 0 5 BCDEF 2093 " 2743 90 . 1 " " " 44 . 0  

D i scount Ra te 20% 
1 3  l .  50 0 0 - 645 - 365 0 - - - 0 
23  2 . 50 1 . 9 I B 662 . 1 04 - 349 0 - - 1 . 9 
3 3  3 .  1 0  6 . 6 2 BC 809 I .  1 2 1  -262 3 . 0  - - - 6 . 6 
43 3 . 50 20 . l 3 BCD 1 1 30 " - 1 46 I 3 .  2 " " " 20 . I 
53  5 . 00 36 . 2 4 BCDE 1 808 2 . 237 2 1 7  2 7 . 6 674 753 301  36 . 2  1 93 1 06 1 1 5 46 1 677 
63 7 . 00 36 . 2  4 BCDE 1 806 " 66 1 44 . I " " " 36 . 2  " 

73 9 . 00 44 . 0  5 BCDEF 2093 2 . 564 1 242 62 . 7  752 925 293 44 . 0  1 64 1 29 1 40 559 992 
83 1 2 . 00 44 . 0  5 BCDEF 2093 " 1 996 90 . 1 " " " 44 . 0  " " " " " 

* CODE : B C D E F 
0 . 1 0 . 03 0 . 0 1  0 . 003 '0 . 00 1  



TABL E  

ECOtlOM I CS 
BAS I N  Gteatec Gteeo Bi�e[ 
SUB BAS I N  Sandwash FORMAT I ON Lew i s  7000 

AVERAGE PER PROSPECT 
PROF I T .  K -LEVELS E & p �AS NET PRES . DCF  RATE 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN 
CASE NO .  S/MCF __ % __ NO . VALUE * .2Ji_ .Jill_ �M % 

D i scount Rate 1 0/, 
8 1 1 2  1 1  1 . 50  36 . 2  4 BCDE 1 326 2 . 284 -60 8 . 5  

2 1  2 . 5 0  4 4 . 0  5 BCDEF 1 575 2 . 83 1  572 2 2 . 9  
3 1  3 .  1 0  44 . 0  5 BCDEF 1 575 " 92 1 3 1 . 2 
4 1 3 . 50  4 4 . 0  5 BCDEF 1 575 " 1 1 55  36 . 9  

5 1  s . oo 4 4 . 0  5 BCDEF 1 575 " 2030 5 8 . 7  

6 1  7 . 00 4 4 . 0  5 BCDEF 1 575 " 3 1 96 87 . 3  

7 1  9 . 00 44 . 0  5 BCDEF 1 575 " 4 362 1 1 4 . 6  

8 1  i 2 . 00 4 4 . 0  5 BCDEF 1 575 " 6 1 1 2  1 52 . 4  

D i scount  Rate 1 �/, 

1-' 
1 2  l .  so 20 . 1 3 BCD 986 1 . 1 1 8 - 3 1 3  2 . 6 

1-' 22 2 . 50 4 4 . 0  5 BCOEF 1 575 2 . 83 1  262 22 . 9 

I 3 2  3 . 1 0  44 . 0 5 BCDEF 1 575  " 526 3 1 . 2  

tv 42 3 . 50 44 . 0 5 BCDEF 1 575 " 703 36 . 9  

1-' 5 2  s . oo 44 . 0 5 BCDEF 1 575 " 1 365 58 . 7 
1.0 6 2  7 . 00 44 . 0 5 BCDEF 1 575 " 2248 87 . 3 

72  9 . 00 44 . 0 5 BCDEF 1 575 " 3 1 3 1  1 1 4 . 6 
8 2  1 2 . 00 4 4 . 0  5 BCDEF 1 575 " 4456 1 52 . 4 

D i scou n t  Rate 20% 
1 3  l .  so  0 0 - 856 - -479 0 

23  2 . 50 36 . 2 4 BCDE 1 326 2 . 284 0 . 53 20 . 0 

3 3  3 .  1 0  44 . 0 5 BCDEF 1 575 2 . 82 1  289 3 1 . 2  
43 3 . 50 44 . 0 5 BCDEF 1 575 " 430 36 . 9  

5 3  s . oo 4 4 . 0  5 BCDEF 1 575 " 96 1 58 . 7 

63  7 . 00 44 . 0  5 BCDEF 1 5 75 " 1 668 87 . 3  

73  9 . 00 44 . 0 5 BCDEF 1 575 " 2376 1 1 4 . 6  

8 3  1 2 . 00 4 4 . 0  5 BCDEF 1 575 " 3437 1 52 . 4  

* COD E :  8 C D E F 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

1 1 - 200 

S UMMARY 
TECHNOLOGY 

DATE 

BAS I N  TOTALS 
MAX NO . 

GAS RECOVER • MAX RECOV . PROSP .  
AT PR I C E ,I!CF G I P  BCF  AT PR I C E  

- -
925 925 327  " " " 

" " " 
" " " 
" " " " " " 
" " " 

- 363 
925 925 327 " " " 

" " " " " " 
" " " " " " 
" " " 

- - -
753 753 330  
925  925  327 " " " 

" " " 
" " " 
" " " " " " 

Advanced Case 

Jucc 196!l 
W I LDCAT 
SUCCESS 

% 

36 . 2  
44 . 0  
44 . 0  
4 4 . 0  
44 . 0  
4 4 . 0  
4 4 . 0 
4 4 . 0  

2 0 .  I 
44 . 0 
44 . 0 
44 . 0  
44 . 0 
44 . 0 
44 . 0  
44 . 0  

0 
36 . 2  
44 . 0  
4 4 . 0  
4 4 . 0  
44 . 0  
44 . 0  
44 . 0  

W I LDCAT 
Q!ll. 

1 83 " 

1 83 " 

2 1 0  
1 83 " 

PROD • 

1 41t " 

1 44 " 

1 20 
1 44 " 

WELLS 

DEVELOPMWT 
Q!ll. PROD . TOTAL 

57  227 6 1 1 " " 

57  227 6 1 1 " " 

37 1 48 S I S  
57 227 6 1 1 " 



I-' I-' I 1\.) 1\.) 0 

TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : B l a n ket 

NGL C BBL/MMC F ) : 2 5 . 

AVERAGE PRODUCT I V E 
PERM . AREA 
(MD ) ( S ECT I ONS ) 

0 . 1  4 

0 . 03 22  

0 . 0 1  6 1  

0 . 003 89 

0 . 00 1 6 1  

0 . 0003 26 

263 

H/C GAS 
POROS I TY 

< % > 

5 .8 

5 . 0 

4 .4 

3 . 9 

3 . 5 

3 .  1 

NET PAY 
TH I CKNESS 

C FT . )  

7 

1 3  

20 

29 

40 

50 

TABLE 1 1 -20 1  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater G reen R i ver  
SUBBAS I N : Sandwash  
FORMAT I ON :  Lew i s  9000 

EST I MATED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

C BCF > C BC F >  

1 0 . 76 8 

94 . 6 69 

3 5 5 .63 258 

667 . 5  4 53 

566 . 08 3 59 

267 . 02 1 57 

1 962 . 1 304 

DEPTH ( FT . ) :  9000 
PRESSURE C PS I A ) : 3960 
TEMPERATURE ( ° F ) : 1 8 6  

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 20 1 .0 

0 . 2 5  1 . o 

0 . 40 1 . o  

0 . 50 1 . o  

0 . 60 1 . o  

0 . 70 1 . 0 



TABL E  1 1 - 202 

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

G R E A T E R G R E E N R I V E R ,  S A N D W A S H ,  L E W I S  9 0 0 0  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E l l )  

K • 0 . 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 1 0 . 0 3 0 . 0 0 0 3  
Y E A R  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( H O ) 

1 2 3 2  2 1 3  1 7 4 1 2 4  9 1  5 7  

2 1 6 2  1 3 5  1 0 6 69 5 0  3 1  1-' 1-' I N N 5 1 1 0 9 6  6 9  4 6  3 0  1 8  
1-' 

1 0  7 3  7 3  5 4  3 4  2 3  1 3  

1 5  5 2 6 0  4 7  2 9  1 9  1 0  

2 0  4 1  5 0  4 3  2 7  1 7  1 0  

3 0  2 5  3 7 3 6  2 3  1 5  8 

3 0 - Y E A R  
C U M M . 
P R O D .  2 0 1 6  2 1 1 5 1 6 7 7  1 0 8 5 7 3 3  4 2 9  

( M M C F ) 



TABLE  1 1 -203  

W E L L  P R OD U C T I ON S U M M A R Y --A D V A N C E D  C A S E  

G R E A T t R  G R E E N  R I V E R ,  S A N D W A S H , L E W I S  9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  o . o 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E= A R  

1 3 6 0  5 1 1  4 7 7  4 1 7  3 2 7  2 1 7  

...... 2 2 4 3  3 4 5  3 0 2 2 4 0  1 8 2 1 1 8  
...... 
I 

N 
N 5 1 6 3  2 2 9  1 9 4 1 4 9 1 0 7  6 8  N 

1 0  1 1 6 1 6 4 1 4 4 1 0 8 7 9  4 7  

1 5  8 9  1 3 2  1 1 9  8 9  6 3  3 9  

2 0 7 3  1 0 7  1 0 2 7 8  5 5  3 5  

3 0  5 1  7 7  8 3  6 4  4 7  2 9  

3 0 - 'r E A R 
C lJ M I" . 
P R C D . 3 2 8 6  4 7 8 4  

( M M C F )  
4 3 3 5 3 3 6 4  2 4 6 9  1 5 5 4  



BASE CASE 
N UMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQQ . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS ! MAX==4 1 

I-' 
I-' 

I 
N 

N • 1 1 . 03 1 .  03 
w 

. 03 1 . 47 1 . 47 

. 0 1  2 . 5 1  2 . 5 1  

. 003 4 . 69 4 .  

• 00 1 8 . 02 4 • 

• 0003 1 4 . 07 4 • 

TABLE 1 1 - 204 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : San dwash 
FORMAT I ON :  Lew i s  9000 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

8 . 63 

69 . 6 52 

258  . 973 

386 1 .  5 1 3  

1 7 9 2 . 38 1 

4 5  3 . 893 

94 5 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

! MAX== 1 2 1  ( BC F ) 

. 63 8 

. 652 69 

. 973 258  

1 .  5 1 3  4 53 

2 . 38 1  359 

3 . 893 1 57 

1 304 



I-' 
I-' 
I 

1\.) 
1\.) 
>f:>. 

TABLE 1 1 - 205 

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/�ve I I )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fract u r e }  

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Sandwash  
FORMAT I ON :  Lew i s  9000 

Ad van ced Ca se [ 2000/4000 Ft . Fract ure } 

Surface Eq u i pment ( $/We I I )  

An n u a l Operat i ng Expe n se ( $/We i I )  

Compressor F ue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

736 , 000 

1 03 , 000 
1 3 1 , 000 - 340 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE l l - 206 

ECONOM I CS SUMMARY 
BAS I N  Greater G reen Ri ve r  TECHNOLOGY Base Case 

SUB BAS I N  Ssndwash FORMAT I ON Lew i s  9000 ' DATE June 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T .  K -LEVELS E & P GAS NET PRES . DCF  RATE MAX NO .  W i LDCAT 

GAS PR I C E  PROS P . ON STREAM I N VEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV. PROSP . SUCCESS W I LDCAT DEVE LOP�IENT 
CASE NO .  S /MC F __ %_ NO . VALLiE * ....w___ � �M % AT PR I C E,BC F  G I P  BCF  AT PR I C E  % Q1iY. PROD . Q1iY. PROD . TOTAL 
D i scoun t Rate I� 
8 1 2  I l l I .  50 0 0 936 - -5 3 1  0 - 0 

2 1  2 . 50 1 3 . 3  3 BCD  1 686 1 . 2 35 - 3 3 1  3 . 7  - - 1 3 . 3  
3 1  3 .  1 0  1 3 . 3 3 BCD 1 686 " - 1 98 6 .  3 - 1 3 . 3  
4 1 3 . 50  1 3 . 3  3 BCD 1 686 " - 1 09 8 . 0  1 3 . 3  
5 1  5 . 00 27 . 8 4 BCDE 2590 2 . 349 666 1 8 . 6  72 1  788 307 27 . 8  22 1  86  1 1 5  460 882 
6 1  7 . 00 4 1 . 7  5 BCDEF 3436 3 . 1 47 1 842 30 . 4  900 1 1 47 286 4 1 . 7  1 66 1 20 1 62 648 1 096 
7 1  9 . 00 4 1 . 7  5 BCDEF 3436 " 2855 42 . I 900 1 1 47  " 4 1 . 7  " " " " " 

8 1  1 2 . 00 49 . 3  6 BCDEFG 3700 3 . 3 1 0  4537 59 . 6 945 1 304 285 49 . 3  1 44 1 4 1  1 79 7 1 3 1 1 77 

D i scount  Rate 121, 

t-' 
1 2  I .  so 0 0 936 - - 528 0 - 0 

t-' 22 2 . 50 1 . 8 2 BC 982 . 1 1 4 -509 0 - 1 . 8 
I 3 2  3 . 1 0  1 . 8 2 BC 982 " -499 0 1 . 8 

N 42 3 . 50 1 3 . 3 3 BCD 1 686 1 . 235  -283 8 . 0  1 3 . 3  
N 52  5 . 00 27 . 8 4 BCDE 2590 2 . 349 1 99 1 8 . 6 72 1 788 307 2 7 . 8  22 1  86 1 1 5 460 882 
U1 62 7 . 00 4 1 . 7  5 BCDEF 343� 3 .  1 47 974 30 . 4 900 1 1 47  285 4 1 . 7  1 66 1 20 1 62 648 1 096 

72 9 . 00 4 1 . 7  5 BCDEF 3436 " 1 692 4 2 .  I 900 1 1 47 " 4 1 . 7  
82 1 2 . 00 4 1 . 7  5 BCDEF 3436 " 2869 59 . 6  900 1 1 47 " 4 1 . 7  

D i scount  Rate 20% 
1 3  I .  5 0  0 D - 936 - -525 0 0 
23  2 . 50 0 0 936 -525 0 - - 0 
3 3  3 .  I 0 1 . 8 2 BC 982 . 1 1 4 -505 0 - 1 . 8  
43 3 . 50 1 . 8 2 BC 982 " -soo 0 - 1 . 8  
53  5 . 00 1 3 .  3 3 BCD 1 686 I .  235  - 1 97 1 3 . 8 1 3 . 3  
63  7 . 00 27 . 8  4 BCDE 2590 2 . 349 373 29 . 0  72 1  788 307 2 7 . 8  2 2 1  86 1 1 5 460 882 
73 9 . 00 4 1 . 7  5 BCDE 3436 3 . 1 47 1 04 1  42 . I 900 1 1 47 285 4 1 . 7  1 66 1 20 1 62 648 1 096 
83 1 2 . 00 4 1 . 7  5 BCDEF 3436 " 1 86 1  59 . 4  900 1 1 47 " 4 1 . 7  

* CODE:  B C D E F G 
0 . 1 0 . 03 0 . 0 1 0 . 003 0 . 0 0 1  0 . 0003 



TABLE  1 1 -207  

ECONOM I CS SUMMARY 
BAS I N  Greater G reen R i ver TECHNOLOGY Advans;ed Case 
SUB BAS I N  Sandwash FORMAT I ON lew i s  9000 ' DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . DCF RATE MAX NO .  W I  LOCAl 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I  LOCAl DEVELOP:1ENT 
CASE NO . S/HCF __ %_ NO . VALUE * _w__ _g£_ �H % AT PR I CE,j!C F  G I P  B C F  AT PR I CE '& DRY PROD . DRY PROD . TOTAL 

D i scoun t Rate 1 0/.. 
8 1 221 1  I .  so 1 3 . 3  3 BCD 1 389 1 . 222 - 440 . 60 - - 1 3 . 3  

2 1  2 . SO 4 1 . 7 s BCDEF 233S  3 . 6 3 1  S22 1 7 . 9  1 1 47 1 1 47 3 1 6  4 1 . 7  1 85 1 3 1 65 260 64 1  
3 1  3 . 1 0  4 1 . 7  5 BCDEF 2335  " 937 24 . 4 1 1 47 1 1 47 " 4 1 . 7  " " " " " 
4 1 3 . SO 49 . 3  6 BCDEFG 1 S20  4 . 1 1 5 1 372 29 . 7  1 304 1 304 3 1 7  .. 9 . 3  1 6 1  I S6 86 34 1 744 
5 1  5 . 00 49 . 3  6 BCDEFG 1 520 " 2550 47 . 3  1 304 1 304 " 49 . 3  
6 1  7 . 00 49 . 3  6 BCDEFG 1 520 " 4 1 2 1  70 . 1  1 304 1 304 " 49 . 3  
7 1  9 . 00 49 . 3 6 BCDEFG 1 520 " 5693 9 1 . 5  1 304 1 304 " 49 . 3  
8 1  1 2 . 00 49 . 3  6 BCDEFG 1 520 " 8050 1 2 1 . 2  1 304 1 304 " 49 . 3  

D i scount Rate  l�k 

1-' 
1 2  1 .  50 I . 2  2 BC 1 1 86 . 1 00 -643 0 - - 1 . 2 

1-' 22 2 .  so 27 . 8  4 BCDE 1 733  2 . 338 -6 1  1 3 . 5  - - 2 7 . 8  

I 32 3 .  10  4 1 . 7 5 BCOEF 2335  3 . 65 1  448 24 . 4 1 1 47 1 1 47 3 1 6  4 1 . 7  1 85 1 3 1 65 260 64 1 
42 3 . 50 4 1 . 7 5 BCDEF 233S  " 65 1 2 8 . 8  1 1 47 1 1 47 " 4 1 . 7  " " " " " 

N 
N 52  s . oo 49 . 3  6 BCDEFG 1 520  4 . 1 1 5 1 6 1 1 47 . 3  1 304 1 304 3 1 7  49. 3 1 6 1  1 56 86 34 1 744 

0'1 62 7 . 00 49 . 3 6 BCDEFG 1 520 " 2766 70 . 1 1 304 1 304 " 49 . 3  
72 9 . 00 49 . 3  6 BCDEFG 1 520 " 3922 9 1 . 5  1 304 1 304 " 49 . 3 
82 1 2 . 00 49 . 3 6 BCDEFG 1 520  " 5654 1 2 1  . 2  1 304 1 304 " 49 . 3  

D i scount Rate 20% 
1 3  I . SO 0 0 1 1 72 - -6S2 0 - - 0 
23 2 . SO 2 7 . 8  4 BCDE 1 733  2 .  338 -208 1 3 . 5  - - 27 . 8  
3 3  3 .  1 0  4 1 . 7 s BCDEF 2335 3 . 6 3 1  1 64 24 . 4 1 1 47 1 1 47 3 1 6  4 1 . 7  1 85 1 3 1 65 266 64 1 
43 3 . 50 4 1 . 7  5 BCDEF 2335  " 323 2 8 . 8  1 1 47 1 1 47 " 4 1 . 7  " " " " " 
53  5 . 00 49 . 3 6 BCDEFG 1 520 4 . 1 1 5  1 057 47 . 3  1 304 1 304 3 1 7  49 . 3  1 6 1  1 56 86 34 1 744 
63 7 . 00 49 . 3 6 BCDEFG 1 520 " 1 9S9 70 . I 1 304 1 304 " 49 . 3  
73 9 . 00 49 . 3 6 BCDEFG 1 520 " 2860 9 1 . 5  1 304 1 304 " 49 . 3  
83  1 2 . 00 49 . 3 6 BCOEFG 1 520 " 42 1 3  1 2 1  . 2  1 304 1 304 " 49 . 3  

* CODE:  B C D E F G 
0 . 1 0 . 03  0 . 0 1  0 . 003 � . 00 1  0 . 0003 



TABLE 1 1 - 208 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver DEPTH ( FT . ) :  9000 
TOTAL BAS I N  AREA ( S ECT I ONS ) : SUBBAS I N : Sa ndwash PRESSURE C PS I A ) : 3960 
TYPE : Lent i cu l a r  FORMAT I ON :  Mesa V erde 9000 TEMPERATURE ( ° F ) : 1 86 

NGL ( BBL/MMC F ) : 2 5 . 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I VE H/C GAS NET PAY GAS I N  PLACE AT RECOV ERAB LE THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
PERM . AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE OF  NATURE I S  PROD 
(MD )  ( S ECT I ONS ) ( % ) ( FT . )  C BCF ) ( BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

1-' 

1-' 

I 
N 0 . 03 7 5 . 9 2 5  68 .46 5 1  0 . 20 1 . o  
N 
'-l 

0 . 0 1  30 5 . 2 35 36 1 . 8  2 5 9  0 . 2 5  1 . 0 

0 . 003 39 4 . 4 50 568 . 62 384 0 . 35 1 . 0 

0 . 00 1  26 3 . 8 62 406 . 1 2  263 0 . 4 5  1 . o 

0 . 0003 2 1  3 . 1 80 346 . 24 206 0 . 50 1 . o  

0 . 000 1 7 2 . 4  1 00 1 1 1 . 3 6 5  0 . 60 1 . o  

0 . 00003 7 1 . 9 1 25 1 09 . 9 54 0 . 70 1 . o  

0 . 0000 1 6 1 . 1 1 50 6 5 .64  2 7  0 . 80 1 . o  

1 43 2038 . 1 307 



TABLE  1 1 - 20 9  

W E L L  P R O D U C T I O N S U M M A R Y -- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R , S A N D W A S H , M E S A  V E R D E  9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  O e O O O O l  ( M D )  
Y [ A R  

1 3 9 1  2 9 5  1 9 7 1 3 0 8 7  5 1  3 3  1 6  

2 1 9 1  1 5 2 1 0 3  6 8  4 6 2 7  1 6  8 
1-' 
1-' 

I 
N 

5 8 3  7 8  5 8  3 8  2 6  1 5 9 4 N 
(X) 

1 0  3 7  4 6  3 9  2 6  1 8  1 0  7 3 

1 5  2 1  3 2  3 0  2 1  1 5  8 6 2 

2 0  1 3  2 3  2 5  1 8  1 2  7 4 2 

3 0  6 1 4  1 8  1 5  1 0 5 3 2 

3 0 - Y E A R 
C U f'l t'l . 
P R O D . 1 4 6 9  1 5 3 0  1 2 4 0  

( M M C F ) 
8 7 0 5 8 9  3 4 9  2 1 9 1 2 0  



TABLE 1 1 -2 1 0 

W E L L  P R OD U C T I ON S U M M A R Y -- A D V A N C E D  C A S E  

G R E A T E R  G R E E N R I V E R ,  S A N D W A S H ,  M E S A  V E R D E 9 0 0 0  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( M D )  
Y E A R 

1 4 7 3  3 5 3 2 5 4  1 8 8  1 3 8  8 7  5 2  2 6  

t-' 2 2 3 0 1 7 4 1 2 9  6 8  60 3 8  2 3  1 1  
t-' 
I 

IV 
IV 

5 1 0 1  8 0  7 1  4 9  3 4  2 1  1 3  6 1.0 

1 0  4 5  4 0  4 3  3 0  2 2  1 5  8 4 

1 5  2 6  2 4  3 1  2 3  1 6  1 1  7 3 

2 0  1 5  1 6  2 4  1 8  1 3  10  6 2 

3 0  7 8 1 4  1 3  8 6 5 2 

3 0 - Y E A R  
C U M M . 
P R O D . 1 7 8 0  1 4 5 0  1 3 9 0  1 0 3 0 7 19 4 9 0  3 00 1 5 0  

( M M C F )  



TABLE 1 1 - 2 1 1 

PRODUCT I ON WE LL RE�EMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sa ndwash  
FORMAT I ON :  Mesa Verde  9000 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS RE\)D . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 l ( BC F )  ALL GAS [ MAX= 1 2 l  ( 13CF ) 

I-' 
I-' . 03 5.  1 0  4 40 4 . 2 1 4 .  48 
I 

IV 
w . 0 1  5 . 7 1  4 1 8 1 6 . 03 6 . 03 259  
0 

. 003 7 . 98 4 1 92 7 .  1 2  6 .  323 

. 00 1  1 1 . 38 4 92 9 . 6 1  8 .  2 1 8  

. 0003 16 . 4 1  4 49 1 3 . 44 1 2 .  1 83 

. 000 1 24 . 69 4 1 0  1 7 . 63 1 2 .  44  

. 00003 35 . 64 4 6 26 . 1 3 1 2  • 25 

• 0000 1 4 1  . 25  4 3 33 . 00 1 2 . 1 0  
--

573 1 1 1 0 



f-' 
f-' 
I 

N 
w 
f-' 

TABLE 1 1 -2 1 2  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e )  

BAS I N : Greater Green R i ver 
SUB-BAS I N :  Sandwash 
FORMAT I ON :  Mesa V erde 9000 

Ad vanced Cas e  [ 2000/4000 Ft . Fracture )  

S ur face Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

20 , 000 

748 , 000 

1 6 7 , 000 - 8 1 0 , 000 
332 , 000 - 1 , 729 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE  1 1 - 2 1 3 

ECONOM I CS SUMMARY 
BAS I N  Yc�at�L G r�en  R i ver  fECHNOLOGY Base 

SUB BAS I N  Sandwash FORMAT I ON Mesa Verde 9000 ' DATE Hay 1 980 

AVERAGE PER PROS PECT BAS IN TOTALS \/ELLS 
PROF I T .  K-LEVELS E & P GAS NET PRES . OCF RATE MAX NO . \I I LOCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS \I I  LOCAT DEVEL OPi'IENT 
�· S /MCF __ '%_. _ NO . VA LUE * ...i!:L_ � �M % AT PR I C E 9CF  G I P  BCF AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

D i scoun t Rare  1 0� 
08 1 3  I l l  I .  50 0 0 1 182 -676 0 - 0 

2 1  2 . 50 5 . 9  2 c o  1 372 . 3 70 -566 0 5 . 9  
3 1  3 .  I 0 5 . 9  2 co  " " - S I S  0 " 
4 1  3 . 50 1 5 . 6  3 COE 1 685 . 9 1 8  - 303 3 . 8 - - 1 5 . 6  
5 1  5 . 00 24 . 3  4 COEF 1 92 1  I .  22 I 99 I I .  8 505 957 4 1 4  2 4 . 3  3 1 3  1 0 1  62 2 49 725 
61 7 . 00 

" " " " " 566 2 1 . 1 " " " " " " " " " 
71  9 . 00 30 . 9  5 COEFG 2 1 29 I .  383 1 166 3 1 . 9  554 1 1 63 40 1 30 . 9  277 1 24  75  300 776 
8 1  1 2 . 00 

" " " I I  I I  1 946 47. I I I  " " I I  " I I  " " 

1-' 
D i scoun t Rate 1�/, 

1 2  I .  50 0 0 1 1 82 - -673 0 - 0 
1-' 22 2 . 50 1 . 3  I c 1 2 44 . 1 0 3  -647 0 - - 1 . 3  
I 32 3 .  I 0 5 . 9  2 CD  1 372 . 370 -556 0 - - 5 . 9 "-' 42 3 . 50 " " " " " - 529 0 - - - " 

w "-' 52 s . oo  1 5 . 6  3 COE 1 685 . 9 1 8  -204 9 . 3 - 1 5 . 6  
62 7 . 00 24 .  3 4 COEF 1 92 1  I .  22 1 236 2 1 . 1 505 957 4 1 4  2.4 . 3 3 1 3  1 0 1  62 249 725 
72 9 . 00 I I  " " " I I  598 30 . 7  " I I  " I I  I I  " " " " 
82 1 2 . 00 30 . 9  5 COEFG 2 1 29 I .  383 1284 47 . I 554  1 1 63  40 1 30 . 9  277 1 24 75 300 776 

D i scoun t  Ra te 20% 
1 3  I .  50 0 0 1 1 82 - -670 e - - 0 
23 2 . 50 0 0 " - -670 0 0 
33  3 .  1 0  I .  3 I c 1 244 . 103  -639 0 - - 1 . 3  
43 3 . 50 5 . 9  2 c o  1 3 72 . 370 - 599 0 - - 5 . 9  
53 5 . 00 1 5 . 6  3 COE 1 685 . 9 1 8  - 3 1 0  9 . 3 - 1 5 . 6  
63  7 . 00 I I  " " " " - 78 1 7 . 2  - " 
73 9 . 00 2 4 . 3 4 CDEF 192 1  1 . 22 1 330 30 . 7  505 957 4 1 4  24 . 3 3 1 3  1 0 1  62 249 725 
83 1 2 . 00 30 . 9  5 CDEFG 2 1 29 1 .  383 877 47 .  1 554 1 1 63  40 1 30 . 9 277 1 24  75  300 776 

;, COD E :  C D  E F G H I  J 
0 . 03 0 . 0 1 0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1 



...... ...... 
I 

N 
w 
w 

TABL E l l - 2 1 4  

ECONOM I CS SUMMARY BAS I N  Greater  G reen R i ve r  

SUB BAS I N  Sandwas h  

GAS P� I CE 
CASE NO .  S / XC F  
D i scoun t Ra te 1 0� 
08 1 32 1 1  

2 1  
3 1  
4 1 
5 1  
6 1  
7 1  
8 1  

I .  50 
2 . 50 
3 . 1 0  
3 . 50  
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scou � t  Rate 1 5� 
1 2  I .  50 
22 2 . 50 
32  3 . 1 0  
42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 20% 
1 3  I .  50 
23 2 . 50 
3 3 3 .  1 0  
43 3 . 50 
53" 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

PROF I T . 
PROS P . 
__ "/._., _ 

0 
1 . 3  

1 5 . 6  " " 
2 4 . 3 
30 . 9 " 

0 
1 . 3  
5 . 9  " 

1 5 . 6 
24 . 3 " 
30 . 9  

0 
0 
1 . 3  
5 . 9  

1 5 . 6 " 
24 . 3 
30 . 9 

K -LEVELS 
ON STREAM 
tiD . VALUE * 

0 -
1 c 
3 CDE " " " " 
4 CDEF 
5 CDEFG " " 

0 -
1 c 
2 CD " " 
3 CDE 
4 CDEF " " 
5 CDEFG 

0 -
0 -
1 c 
2 CD 
3 CDE " I I  

4 CDEF 
5 CDEFG 

FORMAT I ON Mes a  Ve rde 9000 '  

AVERAGE PER  PROSPECT 
E & P �AS NET PRE S .  D C F  RATE 
I NVEST . PRIJD . VALUE OF RETURN 
...1!:L_ _!!IT_ �M % 

1 484 -847 0 
1 553  . 1 1 8 -804 0 
2442 1 .  353 -40 1 3 . 4  " " -280 5 . 3  " " 1 7 1 1 2 . 9 
3220 2 . 04 1  1 307 29 . 0  
4494 2 . 685 2700 42 . 4  " " 4380 64 . 9  

1 484 -84 1  a 
1 553 . 1 1 8  -809 0 
1 826 . 48 1 -683 0 " " -642 0 
2442 1 .  353  -94 1 2 . 9  
3220 2 . 0 4 1  74 1 29 . 0 " " 1 420 42 . 4  
4494 2 . 685 3054 64 . 9  

1 484 - 834 0 
I I  - -834  0 

1 553  . 1 1 8 - 797 0 
1 826 . 481 -68 1  0 
2442 1 .  353 -260 1 2 . 9  " " 1 3 1  2 3 . 6  
3220 2 . 04 1  944 42 . 4 
4494 2 . 685 222 1 64 . 9 

•· C ODE : C 0 E F G H I  J 
0 . 03 0 0 1  0 . 003  0 . 0 0 1  0 . 0003 0 . 000 1  O . OOQ03 0 . 00001 

BAS I N  TOTALS 

GAS RECOVER . MAX RECOV . 
AT PR I C E  8CF  G I P  BCF  

-
-

630 694 
848 957 

1 0 3 1  1 1 63 " " 

- -
-

-
848 957 " " 

1 0 3 1  1 163  

-

-
- --

630 694 
848 957 

1 0 3 1  1 1 63  

TECHNOLOGY Advanced 

DATE May , 1 980 

WELLS 
MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT DEVE LO?:'cn 

AT PR I C E  % DRY PROD . DRY � T:JTI\ L 

0 
1 . 3 

1 5 . 6  " 
466 " 393 73 79 3 1 7  863 
4 1 5  2 4 . 3 3 1 4  1 0 1  1 1 9 476 1 0 1 0 
384 30 . 9  265 1 1 9 1 78 7 1 3  1275 " " " " " " " 

- 0 
1 . 3  

- 5 . 9  
- " 

1 5 . 6  
4 1 5  2 4 . 3 3 1 4 1 0 1  1 1 9 476 1 0 1 0  " " I I  I I  " " " 
384 30 . 9  265 1 1 9 1 78 7 1 3  1275  

- 0 
- 0 
- 1 . 3  - 5 . 9  
- 1 5 . 6  

466 " 393 73 79 3 1 7  863 
4 1 5 24 . 3 3 1 4  1 0 1  1 1 9 476 1 0 1 0  
384 30 . 9  265 1 19 1 78 7 1 3  1275 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r  

NGL ( BBL/MMCF ) : 2 5 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 
( MD )  ( S ECT I ONS ) __j_!) ( FT . )  

1-' 
1-' 1 0 . 03 8 5 .9 25  
N 
w 
.t» 0 . 0 1  3 5  5 . 2 35 

0 . 003 46 4 . 4 50 

0 . 00 1  30  3 . 8 62 

0 . 0003 25 3 . 1  80 

0 . 000 1 8 2 .4 1 00 

0 . 00003 8 1 . 9 1 25 

0 . 0000 1 7 1 . 1  1 50 

1 69 

TABLE 1 1 - 2 1 5  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ve r  
SUBBAS I N : Sandwash  
FORMAT I ON :  Mesaverde 1 1 000 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE  
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

8 1  . 52 59 

4 5 5 .3 5  328 

723 . 58 485 

505 . 2 333 

443 . 25 260 

1 37 . 28 83 

1 3 5 . 84 67 

82 . 6 33 

2 56 5 . 1 648 

DEPTH < FT . ) :  1 1 , 000 
PRESSURE ( PS I A ) : 4 , 840 
TEMPERATURE ( ° F ) : 2 1 4 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

0 . 20 1 . 0 

0 . 2 5  1 . o  

0 . 35  1 . o  

0 . 4 5  1 . 0 

0 . 50 1 . o  

0 . 60 1 . 0 

0 . 70 1 . 0 

0 . 80 1 .o  



TABLE 1 1 -2 1 6  

w E L L  P R O D U C T I O N  S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R ,  S A N D W A S H ,  M E S A  V E R D E  1 1 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MO )  
Y E A R  

1 4 4 9  3 4 0 2 2 8  1 6 0  9 4  5 9  3 5  1 9  

I-' 2 2 1 4  1 7 4  1 1 8  8 3  5 0  3 1  1 8  1 0  
I-' 
I 

N 
w 

5 8 6  9 1  6 7 4 7  2 8  1 8  1 1  6 Ul 

1 0  3 6  4 9  4 3  3 2  2 0  1 2  7 3 

1 5  1 9  3 3  3 4  2 6  1 5  9 6 3 

2 0  1 1  2 3  2 6  2 2  1 3  8 5 2 

3 0  5 1 3  1 8  1 6  1 0  7 3 2 

3 0 -Y E A R  
c u n� . 
P f\ 0 0 . 1 5 3 9  1 6 4 9  1 3 99 1 0 4 9 6 4 0  4 0 0  2 40 1 2 9 

C t"i M C F ) 



TABLE  1 1 -2 1 7 

W E L L  P R O D U C T I O N S U M M A R Y-- A D V A N C E D  C A S E  

G R E A T E R  G R E E N  R I V E R 1 S A N D W A S H ,  M E S A  V E R D E  1 1 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E l l )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 000 0 1  ( MD )  
Y f A R  

1 5 4 3  4 0 6 2 9 2  2 3 3  1 5 9 9 7  5 8  3 0  

1-' 2 2 5 8  1 9 7 1 4 7  1 0 6  6 9  4 2  2 5  1 4  
1-' 
I 

N 
w 

5 1 C 4  8 6  8 0  5 8  3 8  2 4  1 4  7 0"\ 

1 0  4 3  4 0  4 6  3 6  2 2  1 6  9 5 

1 5  2 3  2 3  3 3  2 5  1 7  1 2  8 4 

2 0  1 4  1 5  2 3  1 9  1 3  1 0  7 3 

3 0  6 7 1 4  1 2  8 8 5 2 

3 0 - Y E A R 
C lJ f" M . 
P R O D . 1 8 5 9  1 5 3 9  1 5 2 0  1 1 5 9 8 0 0  5 3 9 3 39 1 79 

HI M C F ) 



BASE CAS E  
NUMBER O F  NUMBE R O F  

WELLS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 
(MD )  ALL GAS [ MAX=4 l 

1-' 
1-' • 03 
I 

5 . 03 4 
N � . 0 1  5 . 65 4 

. 003 7 . 55 4 

. 00 1 1 0 . 07 4 

. 0003 1 6 . 1 4  4 

. 000 1 23 . 05 4 

• 00003 34 . 88 4 

. 0000 1 40 . 69 4 

TABLE 1 1 - 2 1 8 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwash  
FORMAT I ON :  Mesa Verde 1 1 000 

RECOV ERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

47 4 . 1 66 

233 6 . 058 

2 5 7  6 . 954  

1 33 9 . 1 1 2 

65  1 2 . 9 1  

1 4  1 7 . 07 

8 24 . 62 

3 29 . 39 -

7 60 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX= 1 2 l  C BC F ) 

4 .  5 7  

6 . 3 2 5  

6 .  4 1 7  

8 .  293 

1 2 .  239 

1 2 .  5 8  

1 2  • 32 

1 2 .  1 4  

1 43 5  



t-' 

t-' 
I 

[\..) 
w 
00 

TABLE 1 1 - 2 1 9  

I NV ESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy  and  Geop hys i cs ( $/Pros pect ) 

D r i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ] 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwash  
FORMAT I ON :  Mesa V erde 1 1 000 

Ad vanced Case [ 2000/4000 Ft . Fract u r e ]  

Surf ace Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense  ( $/We i  I )  

Compressor Fue l Cost , Rat i o  of Cost to 

W .  I • Gas Revenue 

20 , 000 

1 , 1 94 , 000 

1 7 6 , 000 - 856 , 000 
3 5 1 , 000 - 1 , 827 , 000 

4 5 , 000 

1 0 , 000 

. 0303 

"'--



TABLE  l l - 2 20 

ECONOM I CS SUMMARY 
BAS I N  G reater Green R i ver TECHNOLOGY Base 

SUB BAS I N  Sandwash FORMAT I ON Mesa Verde 1 1 000 ' DATE Ma:z:1 1 980 

AVERAGE PER PROS PECT BAS I N  TOTA LS WELLS 
PROF I T .  K-LEVELS E & P GAS NET PRES .  DCF RATE MAX NO . W ;  LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF  RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOP:�:: NT 
CASE IW . �/HCF __ % __ NO .  VALUE 1< ...it:L_ ...Q£L �11 % AT PR I C E  9CF  G I P  BCF  AT PR I CE % Q.!rr. PROD . DRY PROD . I.Q1Ab. 
D i scoun t Ra te 1 0/, 
08 1 4 1 1 1  1 .  so 0 0 16 42 0 -933 0 - - 0 

2 1  2 . 50 " " " 0 -933 0 - 0 
3 1  3 .  1 0  5 . 9  2 CD  1 942 . 4 1 2 -789 0 - 5 . 9 
4 1  3 . 50 " " " " " -75 1 0 - 5 . 9  
5 1  5 . 00 1 5 . 6  3 CD£ 2379 . 993 - 306 5 . 4  - 1 5 . 6  
6 1  7 . 00 24 . 3  4 CDEF 2748 1 .  370 35 1 1 4 . 8  670 1 205 489 24 . 3 370 1 1 9 75 300 865 
7 1  9 . 00 " " " " " 878 22 . 5  " " " " " " " " " 
8 1  1 2 . 00 30 . 9  5 CDEFG 2972 1 .  5 1 6  1 842 35 . 7  735  1 465 485 30 . 9  335  1 50 88 352 925 

D i scount Ra te 1 �/, ...... 1 2  1 . so 0 0 - 1 642 0 -926 0 - 0 
...... 22 2 . 50 0 0 - " 0 -926 0 - 0 
I 32 3 .  1 0  0 0 - " 0 -926 0 - - 0 

IV 42 3 . 50 1 . 3  1 c 1 734 . 1 06 -886 0 1 . 3  
w 52  s . oo 1 5 . 6  3 CDE 2379 . 993 - 485 5 . 4 1 5 . 6  I..D 62 7 . 00 " " " " " - 1 73 1 1 . 4  - " 

72 9 . 00 24 . 3  4 CDEF 2748 1 .  370 40 1 22 . 5 670 1 205 489 24 . 3  370 1 1 9  75 300 865 
82 1 2 . 00 " " " " " 1 0 1 4 3 4 . 6  " " " " " " " " 

D i scou n t  Rate 20/, 
1 3  1 .  so 0 0 1 642 0 -9 1 9  0 - - - 0 

23 2 . 50 0 0 - " 0 - 9 1 9  0 0 

3 3  3 .  1 0  0 0 " 0 -9 1 9  0 - - 0 
43 3 . 5 0 0 0 " 0 -9 1 9  0 - 9 
53  s . oo 5 . 9  2 CD 1942 . 4 1 2 - 730 0 5 . 9  
63 7 . 00 1 5 . 6  3 CDE 2379 . 993 - 337 1 1 . 4  - - 1 5 . 6  
73  9 . 00 24 . 3  4 CDEF 2748 1 .  370 1 1 0 22 . 5  670 1 205 489 24 . 3  370 1 1 9 75 300 865 

83 1 2 . 00 " " " " " 6 1 1 34 . 6  

* COD E :  C D  E F G H 1 J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



TABL E  1 1 - 2 2 1  

ECONOM I CS SUMMARY 
BAS I N  G reater Green R i ve r  TECHNOLOGY Advanced 

SUB BAS I N  Sandwash FORMAT I ON Mesa Verde 1 1 000 ' DATE May 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T .  K-LEVELS E & p GAS N ET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P .  ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVE LOPMENT 
�· S/MCF ___L_ NO .  VALUE 1< _w_ ...!li£_ �M % AT PR I C E,8CF  G I P  BCF  AT PR I CE % DRY PROD . DRY PRCa . TOTAL 

D i sco�nt  Rare 1 0� 
08142 1 1  I .  50 0 0 - 1962 - 1 1 1 3  0 - 0 

2 1  2 . 50 0 0 - 1 962 - 1 1 1 3 0 - 0 
3 1  3 .  1 0  1 . 3  1 c 2059 . 1 22 - 1056 0 - 1 . 3  
4 1  3 . 50 5 . 9  2 CD  2397 . 476 -885 0 - - 5 . 9  
5 1  5 . 00 1 5 . 6  3 CDE 3 1 2  3 1 .  288 -206 7 . 2  1 5 . 6  
6 1  7 . 00 2 4 . 3 4 CDEF 4 16 1  2 . 025 944 20 . 7  1 092 1 205 5 39 24 . 3  408 1 3 1  1 4 1  562 1 2 4 1  

7 1  9 . 00 " " " " " 1 837 3 1 . 6  " " " " " " " " 
8 1  1 2 . 00 30. 9  5 DEFG 5 1 98 2 . 483 3 8 1 0  so . 1 1 3 3 1  1 465 536 30 . 9  370 166 1 98 790 1 524 

D i scount  Rate � �� 
I-' 1 2  I . 50 0 D 1 962 - - 1 1 03 0 0 
I-' 22 2 . 50 0 0 1 962 - 1 1 03 0 0 
I 32 3 . 1 0  1 . 3  1 c 2059 . 1 2 2  - 1 060 0 - 1 . 3  

N 42 3 . 50 1 . 3  " " " " - 1 049 0 1 . 3  
,j:>. 52 5 . 00 1 5 . 6 3 CDE 3 1 23  I .  288 -4 49 7 . 2  - 1 5 . 6  
0 62 7 . 00 1 5 . 6  " " " " 20 1 5 .  3 799 872 620 1 5 . 6  523 97 9 1  362 1 073 

72 9 . 00 2 4 . 3 4 CDEF 4 1 6 1  2 . 025 1094 3 1 . 6  1 092 1205 539 2"4 .  3 408 13 1 1 4 1  562 1 24 1  

82 1 2 . 00 30 . 9 5 CDEFG 5 1 98 2 , 483 2575 so . 1 1 3 3 1  1 465 536 30 . 9  370 1 66 1 98 790 1 524 

D i scou n t  Ra te 207, 
1 3  I .  so 0 0 - 1 962 - 1 092 0 - 0 
23 2 . 50 0 0 - 1962 - 1 092 0 0 

3 3  3 .  1 0  0 0 1 962 - 1092 0 - 0 
43 3 . 50 1 .  3 I c 2059 . 1 22 - 1 050 0 - 1 . 3  

53  5 . 00 5 . 9 2 CD  2 397 . 476 -839 0 - 5 . 9  

63  7 . 0.0 1 5 . 6  3 CDE 3 1 2 3  1 .  288 -2 1 2  1 5 .  3 1 5 . 6  

73 9 . 00 2 4 . 3 4 CDEF 4 1 6 1  2 . 025  622 3 1 . 6  1 092 1 205 539 24 . 3 408 1 3 1  1 4 1  562 1 2 4 1  

83 1 2 . 00 " " " " " 1 493 48 . 6  " " " " " " 

* CODE : C D  E F G H I  J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1 



TOTAL BAS I N  AREA ( SECT I ONS ) : 
TYPE : Lent i cu l a r + B l a n ket 

NGL < BBL/MMCF l :  2 5 .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
(MD ) ( S ECT I ONS ) ( % )  < FT . ) 

� 0 . 03 1 * * 
I 

N ,j:>. o . o 1 5 
I-' 

0 . 003 7 

0 . 00 1  5 

0 . 0003 4 

0 . 000 1 1 

0 . 00003 1 

0 . 0000 1 1 
-

26 

TABLE 1 1 - 22 2  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Greater Green R i ver 
SUBBAS I N :  Sandwash  
FORMAT I ON :  Lew i s  7000 + Mesaverde 9000 

DEPTH < FT . ) :  9000 
PRESSURE (P S I A ) : 3960 
TEMPERATURE ( ° F ) : 1 86 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROU 

< BCF ) ( l)CF l PRODUCT 1 V E  1 st W/C 2 n d  W/C 

1 8 . 79 1 4  * * * 

97 . 78 70 

1 46 . 60 99 

1 03 . 46 67 

89 . 08 53 

29 . 1 1  1 7  

30 . 53 1 5  

2 1  . 88 9 

537 . 344 

* Refer  to i nd i v i d ua l format i ons for these data . 



TABLE l l - 223  

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

G R E A T E R  G R E E N  R I V E R , S AN D W A S H ,  L E W I S 7 0 0 0  + M E S A  V E R D E  9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M O )  
Y E A R  

1 5 1 6  4 1 9  3 2 2  2 5 5  2 1 2 1 7 6 1 5 8 1 4 0 

2 2 6 6 2 2 7  1 7 8 1 4 3  1 2 1  1 0 2  9 2  8 3  
I-' 
I-' 

I 
N 

5 1 3 3  1 l 8 1 0 8 8 8  7 6  6 5  5 9  5 4  � 

N 

1 0  7 5  8 4  7 7  6 4  5 6  4 8  4 5  4 1  

1 5  5 4  6 4  6 2  5 3  4 7  4 0  3 8  3 5  

2 0  4 2  5 2  5 4  4 7  4 1  3 6  3 3  3 1  

3 0  3 0  3 8  4 2  3 9  3 4  2 9  2 7  2 6  

3 0 - Y E A R 
C U M M . 
p p 0 0 . 2 6 2 9  2 6 8 0  2 4 0 0 2 0 1 9  1 7 5 0  1 5 0 9  1 3 8 0 1 2 7 0 ( f': I'! C F ) 



TABLE 1 1 - 224 

W E L L P R O D U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R  G R E E N R I V E R ,  S A N D W A S H , L E W I S  7 0 0 0  + M E S A V E R D E  9 0 0 0  

G A S P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

K c 0 . 3  0 . 1  0 . 0 3 0 . 0 1 
Y f A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

1 8 2 0  7 0 0 6 0 1  5 3 5  4 8 5  4 3 4  3 9 9  3 7 3  

2 4 4 t.  3 9 0 3 4 5  3 0 4  2 7 6  2 5 4 2 3 9 2 2 7  
1--' 
1--' 
I 

N 5 2 4 0 2 1 9 2 1 1  1 8 9  1 7 3  1 6 1  1 5 2 1 4 6  
� 

w 

1 0  1 4 7  1 4 2  1 4 5  1 3 1  1 2 3  1 1 6 1 1 0 1 0 6  

1 5  1 1 0 1 0 9 1 1 5 1 0 8  1 0 0  9 6  9 1  8 7  

2 0  8 9  8 9  9 7  9 1  8 6  8 3  7 9  7 6  

3 0  6 6  6 7  7 3  7 2  6 7  6 5  6 4  6 1  

3 0- Y E A R  
C U M M . 
P R. O D . 4 8 7 0 4 5 3 9  4 4 6 9  4 1 1 0 3 7 9 9  3 5 6 9 3 3 9 0  3 2 3 9 

( � M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS [ MAX=4 1 

::::: . 03 4 . 09 4 
I 

I\.) .!::> . o 1 4 . 78 4 
.!::> 

. 003 5 . 8 7  4 

. 00 1  7 . 07 4 

. 0003 7 .  7 7  4 

. 000 1 8 . 68 4 

. 00003 8 . 37 4 

. 0000 1 6 . 79 4 

TABLE l l - 225 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwash  
FORMAT I ON :  Lew i s  7000 + Mesa V erde 9000 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WELLS/SECT I ON 
ACTUAL WEL LS REQD . TO PRODUCE ACTUALLY USED 

( BCF ) ALL GAS [ MAX= I 2 1  

1 4  2 . 2 1  2 . 2 1  

59 2 . 83 2 . 83 

67 3 . 1 5  3 . 1 5  

38 3 . 48 3 . 48 

27 3 . 58 3 . 58 

8 3 . 66 3 . 66 

7 3 . 4 1  3 . 4 1  

5 2 . 67 2 . 67 

225 

CASE 
RECOV ERABLE 

GAS FROM 
ACTUAL WEL LS 

( BCF ) 

1 4  

70  

99  

6 7  

53 

1 7  

1 5  

9 
-

344 



I-' 

I-' 

I 
I'V 

� 
Ul 

TABLE 1 1 -226  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy  a n d  Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft .  Fracture ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sandwash 
FORMAT I ON :  Lew i s  7000 + Mesa V erde 9000 

Ad vanced Case [ 2000/4000 Ft . Fract u r e )  

S u r face Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

20 , 000 

74 5 , 000 

256 , 000 - 899 , 000 
632 , 000 - 2 , 029 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE 1 1 - 227  

ECONOM I C S SUMMAKY 
eAS I N  G reater Green R i ve r  fEC iiNOLOGY Base 

sua eAS I N  Sandwash FORMAT I ON Lew i s  7000 ' + Mesa Verde 9000 ' OATE May 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS W E L LS 
PROF I T . K-LEVELS E & P GAS NET PRES . O CF  RAT E MAX NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . ____ifl.rr_ __ %_ NO . VALUE * __iii_ ....!!f£_ �M % AT PR I C E  BCF  G I P  BCF  AT  PR I C E % DRY PROD . � PROD . TOTAL 

O i scoun £ R a t e  1 0 �  
08 1 5 1  1 1  I .  so D . 8  1 c 1 377 . 1 00 - 76D D 0 . 8 

2 1 2 . 50 23 . 9  4 CDEF 1 920 2 . 009 -232 6 . 4  - - 2 3 . 9 
3 I 3 .  I 0 I I  I I  I I  I I  I I  -24 9 . 6  - I I  

4 1  3 5 0  3 1 . 0  5 CDEFG 2206 2 . 609 286 1 4 .  1 205 303 78 3 1 . 0 54 24 1 2  48 1 38 
5 1  5 . 00 34 . 7 6 CDEFGH 245 1 2 . 979 1 096 2 5 . 2  2 1 3  320 72 3 4 . 7  47 25 1 4  55 1 4 1  
6 1  7 . 00 43 . 2  8 CDE FGH I J 3029 3 . 640 2480 40 . 6  225 344 62 43 . 2  35 27 16  65 1 44 
7 1  9 . 00 I I  I I  I I  I I  I I  3665 56 . 4 
8 1  1 2 . 00 I I  I I  I I  I I  I I  5444 79 - 9  

fl i s coun t Rate 1 5��. 
f--' 1 2  1 50 0 0 - 1 345 - 773 0 - 0 
f--' 2 2  2 . 50 1 4 . 5  3 CDE 1 7 35 1 .  404 -493 3 . 8  - 1 4 . 5  

I 3 2  3 . I 0 I I  I I  I I  I I  I I  - 379 6 . 3 - -. I I  

N 4 2  3 . 50 2 3 . 9  4 CDEF 1 920 2 . 009 - 1 47 1 1 . 8  - 23 . 9  
� 52 5 . 00 3 1 . 0  5 CDEFG 2206 2 . 609 452 24. 1 205 303 78 3 1 . 0  54 24 1 2  48 1 38 
0'1 62 7 . 00 38 .  1 7 CDEFGH I 2705 3 . 29 1  1 4 1 1  40 . 6  220 335 67 38.  1 4 1  26 1 5  60 1 42 

72  9 . 00 4 3 . 2  8 CDEFGH I J  3029 3 . 640 24 1 8  56 . 4  225 344 62 4 3 . 2 35 27 1 6  65 1 44 
B z  1 2 . 00 I I  I I  I I  I I  I I  3756 79 . 9  I I  I I  I I  I I  I I  I I  

G i scou n t  Ra t e.  / Out, 
I 3 1 . so  0 0 - 1 345 -772 0 0 
2 3  2 . 50 6 . 0  2 CD 1 557 . 722 -654 0 - 6 . 0  
3 3 3 . I 0 1 4 . 5  3 CDE 1 7 35 1 .  404 -475 6 . 3  - 1 4 . 5  
43  3 . 50 I I  I I  I I  I I  I I  - 4 1 3  7 . 9  - I I  

5 3  5 . 00 3 1 . 0  5 CDEFG 2206 2 . 609 1 64 24 . 1 205 303 78 3 1 . 0  54 24 1 2  48 1 38 

63 7 . 00 34 . 7  6 CDEFGH 245 1  2 . 979 82 1 40 . 0  2 1 3  320 72 34 . 7  47 25 1 4  55 1 4 1  
7 3  9 . 00 38 .  1 7 CDEFGH I 2705 3 . 29 1  1 556 56 . 0  220 335 67 38.  1 4 1  26 1 5  60 1 42 
83  1 2 . 00 43 . 2  8 CDEFGH I J  3029 3 . 640 276 1 79 - 9  225 344 62 43 . 2  35 27 1 6  65 1 44 

• C OD E : C D E F G II I J 
0 . 03  0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



TABLE  1 1 -228  

E C ONOM I C S SUMt11\KY 
2,\ S  I N  G re a t e r  G reen R i ve r  

f E C I I N O L OG Y  Advanced 

SUB BAS I N  Sandwash FORMAT I ON Lew i s  ZOOO '  + Me s a  V e r de 9000 ' DATE Ma� 1980 

A VERAGE PER P R O S P E C T  B A S  I N  TOTA L S  W E L L S  
PROF I T . K - L E V E L S  E & p GAS NET PRE S .  D C F  RATE MA X  N O . Il l  LDCAT 

GAS PR I C E  PROS P . ON ST REAM I N V EST . PROD . VALUE O F  RETURN GAS R E C O V E R  . MAX R EC OV . P R O S P . S U C C E S S  W I L D CAT D E V E LOPMENT 
CI\S E ti O . S /�IC F __ % __ N O . VAL U E * 3!:!.._ ....!!i£_ �M % AT PR I C E  8 C F  G I P  B C F  A T  PR I C E % DRY PROD . DRY PROD . TOTAL 

D i S COull  l R.a I e I 0 � 
00 1 52 1 1  1 .  50 1 4 . 5 3 C D E  226 1 1 .  753 -732 0 1 4 . 5  

2 1  2 . 50 3 1 . 0  5 C D E FG 2926 3 . 707 273 1 3 .  I 303 303 82 3 1 . 0  57 25 1 1  44 1 37 
3 1  3 . 1 0  3 4 . 7  6 C D E FGH 3299 4 . 337 956 20 . 4  320 320 74 34 . 7  48 26 1 3  so 1 37 
4 1  3 . 50 38.  1 7 C D E FGH I 3607 4 . 847 1 488 2 5 . 4  335  335 69 38.  1 43 26 1 4  54 1 36 
5 1  5 . 00 43 . 2 8 C D EFGH I J  3968 5 . 357 3293 43 . 3  3 44 344 64 4 3 . 2  36 28 1 4  57 1 3 5 
6 1  7 . 00 " " " " " 5467 67 . 2  
7 1  9 . 00 " " " " " 7640 90 . 8  B i  1 2 . 00 " " " " " 1 090 1 1 2 4 . 6  

fl i s. coun t H a t e  I S��. 
f-J 1 2  1 .  50 0 . 8  1 c 1 894 . 1 1 2 - 1 043 0 0 . 8  f-J 22 2 . 50 2 3 . 9  4 C D E F  2533 2 . 8 1 6 - 307 9 . 7  2 3 . 9  I 32 3 . I 0 3 1 . 0  5 C DEFG 2926 3 . 707 232 1 8 . 6 303 303 82 3 1 . 0 57 25 1 1  44 1 3 7  
N 4 2  3 . 50 34 . 7  6 C D E FGH 3299 4 . 337 648 2 4 . 5  320 320 74 34 . 7 48 26 1 3  so 1 37 """ 52  5 00 38 .  I 7 C DEFGH I 3607 4 . 847 1 88 1  42 . 0  335  335  69 38 . 1 43 26 1 4  54 1 36 -.J 6 2  7 00 43 . 2  B C D E FGH I J  3968 5 . 357 3757 67 . 2  344 3 44 64 43 . 2  36 28 1 4  5 7  1 3 5  

7 2  9 . 00 " " " " " 54 1 6  90 . 8  " " " " " " " " " 
82  1 2 . 00 " " " " " 7906 1 2 4 . 6  

u ; sl.oun t R .a t e  70'"'� 
1 3  I . 50 0 0 1 865 - 1 054 0 0 2 3  2 . 50 1 4 . 5 3 CDE 226 1  1 . 753 -66 1 4 . 8 1 4 . 5  
3 3 3 . 1 0  2 3 . 9  4 C D E F  2533  2 . 8 1 6  -270 1 4 . 1 2 3 . 9  
4 3  3 . 50 3 1 . 0 5 C D E FG 2926 3 . 707 1 22 22 . 4  303 303 82 3 1 . 0  57 25 1 1  44 1 37 
5 3  5 . 00 34 . 7 6 C D E F G H  3299 4 . 337 1075 40 . 4 320 320 74 34 . 7 48 26 1 3  so 1 37 
63 7 . 00 43 . 2 8 CDEFGH I J  3968 5 . 357 27 1 3  6 7 . 2  344 344 64 43 . 2  36 28 1 4  57 1 35 " " " " " 4052 90 . 8  " " " " " " " " " 
7 3 9 . 00 
83  1 2 . 00 " " " " " 6062 1 24 . 6  

'· C OD E : C D  E F G H I J 
0 03 0 . 0 1  0 . 003 0 . 00 1 0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



TOTAL BAS I N  AREA ( S ECT I ONS ) :  
TYPE : Lent i cu l a r 

NGL ( BBL/MMCF ) :  2 5 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD )  ( SECT I ONS ) 

1-' 0 . 03 1 
1-' 

I � 0 . 0 1  4 
co 

0 . 003 5 

0 . 00 1 3 

0 . 0003 3 

0 . 000 1  1 

0 . 00003 1 

0 . 0000 1 1 

1 9  

H/C GAS 
POROS I TY 

< % ) 

* 

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE 1 1 - 229 
' 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  Greater Green R i ver 
SUBBAS I N : Sandwash 
FORMAT I ON :  Mesaverde 9000 + 

Mesaverde 1 1 000 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) C BCF ) 

22 . 1 1  1 6  

99 . 9 5  7 2  

1 49 . 1 9 1 00 

1 03 . 1 6  68 

93 . 76  5 5  

29 . 7 7  1 8  

34 . 47  1 7  

2 7 . 53 1 1  

559 - 95 357  

* Ref er to  i nd i v i d ua l format i ons for  these data . 

DEPTH ( FT . ) :  1 1 , 000 
PRESSURE C PS I A ) : 4840 
TEMPERATURE ( ° F ) : 2 1 4 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2 n d  W/C 

* * * 



TABLE  1 1 - 2 30 

W E L L  P R O D U C T I O� S U M M A R Y -- B A S E  C A S E  

G R E A T E R  G R E E N R I V E R ,  S A N D W A S H , M E S A V E R D E  9 0 0 0  + M E S A V E R D E  1 1 0 0 0  

G A S  P R O D U C T I O �  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 , 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 6 2 5  5 1 6 4 0 4  3 3 6  2 7 1  2 3 5  2 1 2 1 9 5  

I-' 
2 3 0 5  2 6 6  2 0 9 1 7 4 1 4 1 1 2 2  1 1 0 1 0 1  

I-' 

I 
1\.) 

ol::> 
5 1 3 5  1 4 0 1 1 6 9 6  7 7  6 6  6 0  5 5  1.0 

1 0  6 7  8 0  7 4  6 3  5 0  4 3  3 8  3 4  

1 5  4 1  5 5 5 7  4 9  3 8  3 2  2 9  2 6  

2 0  3 C  4 1 4 4  4 0  3 2  2 6  2 4  2 1  

3 0  1 8  2 6  3 1  2 9  2 3  2 0  1 6  1 5  

3 0 - Y E  A R. 
C U M M , 
P R O D , 2 5 4 9  2 6 5 9  2 4 0 0  2 0 6 0  1 6 4 9 1 4 0 9 1 2 5 0 1 1 4 0  

( M M C F ) 



TABLE  1 1 - 23 1  

W E L L  P R O D U C T I O N S U M M A R Y - - A D V A N C E D  C A S E  

G R E A T E R  G R E E N  R I � E R , S AN D W A S H, M E S A  V E R D E 9 0 0 0  + M E S A  V E R D E  1 1 0 0 0  

G A S P RO D U C T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 000 0 1  ' " 0 )  
Y E A R  

1 1 1 2  6 3 5  5 2 2  4 6 2  3 8 9  3 2 6  2 8 8 2 6 0  

...... 2 3 7 0 3 0 9 2 5 9 2 1 7 1 8 0  1 5 4 1 37 1 2 5  
...... I 1\.) Vl 5 1 62 1 4 4 1 3 8 1 1 6 9 6  8 1  7 2  6 5  0 

1 0  7 6  7 3 79 6 9  5 5  4 9  4 2  3 8 

1 5  4 5  4 6  5 6  4 8  4 0  3 5  3 0  2 7  

2 0  3 1  3 2  4 0  3 6  3 0  2 7  2 4  2 0  

3 0  1 7 1 8  2 5  2 3  1 9  1 9  1 6  1 3  

3 0- Y E A R  
C U f'l f'l . 
P R O D . 2 9 6 9  2 6 5 0  2 6 2 9  2 2 69 1 8 99 1 6 4 0  1 4 39 1 2 8 9  

( M M C F ) 



TABLE 1 1 - 2 32 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : Greater Green  R i ver 
SUB-BAS I N : Sa ndwash  
FORMAT I ON : Mesa V erde 9000 + fvlesa V erde 1 1 000 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECO VERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
(MD )  ALL GAS [ MAX=4 l < BCF ) ALL GAS [ MAX= 1 2 l  ( BCF ) 

� . 03 6 . 6 1  4 1 0  5 . 67 5 . 67 1 6  
I 

N 
Ul . 0 1  6 . 78 4 42 6 . 8 1  6 . 8 1  72 
I-' 

. 003 8 .  1 1  4 49 7 . 4 1  7 . 4 1  1 00 

. 00 1  9 . 67 4 28 8 . 7 5  8 . 7 5  68 

. 0003 1 1 . 72 4 1 9  1 0 .  1 4  1 0 . 1 4  55  

. 000 1  1 3 . 45 4 5 1 1 . 52 1 1 . 52 1 8-

. 00003 1 4 . 28 4 5 1 2 . 39 1 2 .  1 6  

. 0000 1 1 2 . 67 4 3 1 1  . 24 1 1 . 24 1 1  

1 02 356 
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TABLE 1 1 -233  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  a n d  Geop hys i cs ( $/Pr os pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fractu re ) 

BAS I N : Greater Green R i ver 
SUB-BAS I N : Sa n dwash 
FORMAT I ON :  Mesa V erde 9000 + Mesa Verde 1 1 000 

- Ad vanced Case [ 2000/4000 Ft . Fracture ) 

Surface Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compresso r  Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Ga s Revenue 

20 , 000 

1 , 1 94 , 000 

440 , 000 - 1 , 1 20 , 000 
903 , 000 - 2 , 380 , 000 

4 5 , 000 

1 0 , 000 

. 0303 



TABLE  1 1 -234  

ECONOM I CS SUMMAHY 
BAS I N  G reater G reen R i ve r  fECHNOLOGY Base 

S U B  eAS I N  Sandwash fORMAT I ON Mesa Verde 9000 ' + Mesa Ve rde 1 1 000 ' DATE M�� 1960 
AVERAGE PER PROSPECT BAS IN TOTA LS W E L L S  

PROF I T . K -LEVELS E & P GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 
GAS PR I C E  PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT D EVE LOPMENT 

CIISE NO . S /�\C F __k_ NO . VALUE * _i!L_ � �M % AT PR I C E  8 C f  G I P  B C F  AT PR I CE % QB.Y_ PROD . DRY PROD . TOTAL 

D i scoun l R a t e  1 0·�� 
08161 I I  I . 50 0 0 - 1979 - - 1 1 28  0 - - 0 

2 1  2 . 5 0  6 . 0  2 c o  2 1 59 . 444 -977 0 - - - 6 . 0  
3 1  3 . 1 0  1 4 . 5  3 CDE 2245 . 809 -750 0 - - - 1 4 . 5  
4 1  3 . 50 2 3 . 9  4 CDEF  2485 1 .  327 - 472 3 . 7  - - - 2 3 . 9  
5 1  5 . 00 3 1 . 0 5 CDEFG 2 7 ! 8  1 . 677 1 32 1 1 . 7 1 48 3 1 1  88 3 1 . 0  6 1  27 7 29 1 2 5  
6 1  7 . 00 38.  1 7 CDE FGH I 3086 2 . 02 7  1 076 2 3 . 8  1 59 346 78 38 .  1 48 30 9 37 1 2 4  
7 1  9 .  00 43 . 2  8 CDEFGH I J  3238 2 . 1 7 1  2046 36 . 7  162  357 75 43 . 2  43 32 1 0  39  1 2 4  
8 1  1 2 . 00 " " " " " 3328 54 . 9 

O i scoun t R a t e  � �� 
I-' 1 2  I . 50 0 0 - 1 979 - - 1 1 2 1  0 - 0 
I-' 2 2  2 . 50 0 0 - " - - 1 1 2 1  0 - 0 

I 32  3 .  1 0  6 . 0  2 CD 2 1 59 . 444 -965 0 - - 6 . 0  
N 4 2  3 . 5 0 1 4 . 5  3 COE 2245 . 809 - 786 0 . 2  - - - 1 4 . 5  
U1 52 5 . 00 2 3 . 9  4 COEF 2 485 I .  327 - 327  9 . 0  - - 2 3 . 9  
w 6 2  7 . 00 34 . 7  6 CDEFGH 2902 1 .  870 447 22 . 8 1 5 3  329 82 34 . 7  54 28  8 33  1 24 

72 9 . 00 38 .  I 7 COEFGH I 3086 2 . 027 I I SO 35 . I 1 59 346 78 38.  1 48 30 9 37 1 2 4  

82  1 2 . 00 43 . 2  8 COEFGH I J 3238 2.  1 7 1  2279 54 . 9 1 62 357 75 43 . 2  43 32 1 0  39 1 24 

(J i scoun t Ra te 20"/, 
I 3 1 .  50 0 0 - 1 979 - - 1 1 1 4 0 - - - 0 
23 2 . 50 0 0 - 1 979 - - 1 1 1 4 0 - - - 0 

3 3  3 . 1 0  0 . 8  I c 2 0 1 3  . 068 - 1 092 0 - - 0 . 8  
43 3 . 50 6 . 0  2 CD 2 1 59 . 444 -966 0 - - - 6 . 0  
5 3  5 . 00 2 3 . 9  4 CDEF 2585 I .  327 -483 9 . 0  - - 2 3 . 9  
6 3  7 . 00 3 1 . 0  5 CDEFG 27 1 8  ! . 677 so  2 1 . 1  1 48 3 1 1  88 3 1 . 0  6 1  27  7 29 1 25 
73 9 . 00 34 . 7  6 CDEFGH 2902 1 . 870 6 1 1 33 . 6  1 5 3  329 82 34 . 7  54 28 8 33  1 2 4 
&3 1 2 . 00 38.  1 7 C DEFGH I 3086 2 . 027 1 479 52 . 4 1 59 346 78 38.  1 48 30 9 37  1 24 

• CODE : C 0 E F G H I J 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 



TABLE l l - 2 35 

ECONOM I C S SUMMARY 
eAS I N  G reat e r  G reen R i ve r  TEC HNOLOGY Advanced 

sua eAS I N  Sandwash FORMAT I ON Mesa Verde 9000 ' + Mesa Ve rde 1 1 000 ' DATE May 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS W E L L S  
PROF I T . K -L E V E LS E & p GAS NET PRES . DCF RATE MAX N O . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT D E V E L OP�IE NT 
CASE N O . S/HCF _____k_ NO . VALU E * _w__ � �M % AT PR I C E  8CF G I P  BCF AT PR I CE % Q.!!.'L PROD , Q.!!.'L PROD . TOTA L 

D i sCOUi l t  R3 t e  1 0."� 
08162 1 1  I . 50 0 0 - 2595 - 1 477 0 - 0 

2 1  2 . 5 0  0 . 8  I c 2680 . 1 28  - 1 436 0 - - 0 . 8  
3 1  3 .  I 0 1 4 . 5  3 C DE 40 1 2  I .  749 - 748 1 . 9  - 1 4 . 5  
4 1  3 . 5 0  " " " " " -564 3 . 8  " 

5 1  5 . 00 3 1 . 0  5 CDEFG 62 1 9  3 . 702 1 349 2 0 . 9  3 1 1  3 1 1 84 3 1 . 0  58 26 26 1 06 2 1 6  
6 1 7 . 00 34 . 7 6 C DE FGH 7498 4. 369 3696 38 . 2 329 329 75 34 . 7  49 26 3 1 1 22 228 
7 1  9 . 0 0  3 8 .  1 7 CDEFGH I  858 1 4 . 879 630 1 56 . 2  345 346 7 1  3 8 .  1 44 27  34 1 35 240 
8 1  1 2 . 00 43 . 2  8 C DEFGH I J  1 0 1 95 5 . 390 1 0645 83 . 3  356 357 66 43 . 2  37  29 37 1 49 2 52 

....... D i s coun t R a t e  1 5-'� . 

....... 1 2  I . 50 0 0 - 2 595 - 1 462 0 - 0 
I 2 2  2 . 50 0 0 - " - - 1 462 0 - 0 tv 32 3 . 1 0  0 . 8  1 c 2680 . 1 2 8  - 1 4 1 6  0 - - - 0 . 8  

Vl 42 3 . 50  6 . 0  2 CD  3 1 88 . 743 - 1 1 46 0 - - 6 . 0  
� 52 5 . 00 2 3 . 9 4 CDEF 5 0 3 1  2 . 8 1 1 263  1 8 . 1 256  2 56 9 1  2 3 . 9  69 22 20 79 1 90 

62 7 . 00 3 1 . 0  5 C DE FG 62 1 9  3 . 702 2 04 1 37 . 7 3 1 1 3 1 1  84 3 1 . 0  sa 26 26 1 06 2 1 6  
7 2  9 . 00 34 . 7 6 CDEFGH 7498 4 . 369 4078 57 . 0  329 329 75 34 . 7  49 26 3 1  1 2 2  228 
82 1 2 . 00 38.  1 7 CDEFGH I 8581  4 . 879 7 1 87 86 . 4  345 346 7 1  38 .  1 44 27  34 1 35 240 

D i scou n t  Ra t e  20C'� 
I 3 I . 50 0 0 - 2595 - 1 448 0 - 0 
23 2 . 50 0 0 - " - - 1 448 0 - 0 

33  3 . 1 0  0 0 - " - - 1 448 0 - - - 0 
43 3 . 50  0 . 8  1 c 2680 . 1 2 8  - 1 403  - - - 0 . 8  
53  5 . 00 1 4 . 5  3 CDE 40 1 2  1 .  749 - 502 1 1 . 4 - - 1 4 . 5  
G 3  7 . 00 3 1 . 0  5 CDEFG 62 1 9  3 . 702 1 300 37 . 7 3 1 1 3 1 1  84 3 1 . 0  58 26 26 1 06 2 1 6  

73  9 . 00 " " " " " 2522 5 5 . 5  " " " " " " " " " 

83  1 2 . 00 38 .  i 7 CDEFGH I 8581 4 . 879 545 1  86 . 4 345 346 7 1  38. 1 44 27  34 1 35 240 

�- C O!l t : C D  E F G 11 I J 
0 . 03 0 . 0 1  0 . 003  0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 0 . 0000 1 



Ch apter Twe lve 

WIND RIVE R  BAS I N  

L I S T  O F  TABLES 

Wind River Ba s i n  Prope r t i e s  . • • . • . . • . • . • • • • • • . . • • • . • • • . . • •  1 2- 4  
1 2- 5  
1 2- 5  

Format ion Area s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Summa ry o f  Ga s Po ten t i a l  • . . • . . . . . • • . . . • . • . . • • . . . • . • . • • . • •  

In ad d i t io n , each s ubba s i n  w i th i n the ba s in h a s  a s e r i e s  o f  
these spe c i f i c  tab l e s : 

Ge o log i c a l  Da ta Summa ry 
We l l  Produc t io n  Summa ry - - Base Case 
We l l  Prod uc t ion Summa ry -- Ad vanced Ca se 
Product ion Wel l  Requ ir eme n ts 
Inve s tme n t  and Ope rat i ng Expenses 
Econom i c s  Summa ry Base Cas e  
Econom i c s  Summa ry - - Ad vanced Case 

Forma t ion 

Lowe r For t  Un ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
La nce 9 , 0 0 0 • . • • • • • • • • • • • • • • • • • • . • • • • • . • • • • • • • • • • • 
Lance 1 4  , 0 0 0 • • • • • . . • . . . • • • • • • • . • • • . . . . . . . . • • . • . . • 
Me saverde • • • . . . . . . • • • • . . . . • • • • . . . . • • . • . . • . • • • • . . •  
Lowe r For t Un ion + Lan c e  9 , 0 0 0  • • • • . . . . . . . . . . • . • • •  
La nce 1 4 , 0 0 0  + Me saverde 1 5 , 0 0 0 . . . . . . • • . • • • • . . • . .  
Fron t i e r/Mud dy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

L IST OF F I GURES 

Figure 

Page s  

1 2- 7 - 1 2 - 1 8  
1 2- 1 9  - 1 2- 2 5  
1 2 - 2 6  - 1 2- 3 2 
1 2- 3 3  - 1 2- 3 9  
1 2- 4 0  - 1 2- 4 6 
1 2- 4 7  - 1 2- 5 3  
1 2 - 5 4  - 1 2- 6 0  

12-1 
1 2- 2  

Ind e x  to T i gh t Ga s Area s -- Wind Rive r  Ba s i n  • . •  1 2 - 2  
1 2- 6  F i eld  S i z e  Di str ibu t io n  o f  Pr oduc ible Ga s . . . . .  . 



Ch apte r Twe l ve 

WIND RIVER BAS IN 

GEOLOGY 

The Wind River bas i n  i s  a geolog i c al ly and topograph i c a l l y 
d e f i ned area i n  central Wyom i ng , w i th Cre taceou s rocks occupyi ng a 
s urface area of approx ima te ly 5 , 5 0 0  square m i l e s , a l though a much 
sma l l e r  area than th i s  wa s c o n s i d e red to be pros pe c t ive fo r t ig h t  
gas sand s .  Cre taceous and Te r t i ary fo rma t ion s ,  w i t h  t ig h t  s a nd
s tone s , have an ave rag e th i ck n e s s  of 1 3 , 0 0 0  fee t and a rock v o l ume 
of 1 2 , 0 0 0  c ub i c mil e s . 

The ba s i n  i s  bo und ed on the south and we s t  by t h e  Swee twa ter 
and W i nd River upl i f t s , o n  the north by the Ow l Creek upl i f t ,  and 
on the nor thea s t  by the s ubs urface Casper arch . The d e epe s t  po ten
t i a l ly prod uc t ive ga s-bear i ng forma t ions are a l o ng the nor thern 
bord er of the bas i n  ( se e  F ig . 1 2 - l ) . 

A s ign i f i c an t  por t io n  o f  the ba s i n has h ad e x te n s ive e xplora
t ion and a po r t ion of the bas i n  has been prev i o u s l y  analyzed by 
Lewin and As soc i a te s ( 1 9 7 8 ) .  To g a i n  a more c ompl e te e s t ima te o f  
the undeve l oped gas  po ten t i a l , a n  add i t i onal 1 , 6 0 0  square m i l e s  o f  
Cre taceous and Te r t i ary rocks h ave been a n a ly z ed . Th i s  a r e a  has  a n  
e s t ima ted 2 TCF o f  g a s  i n  pl ace i n  t ig h t  b l a nke t sand s tones  a n d  3 2  
TC F in place in  t ig h t  l e n t i c ul ar sands tone s . 

As in  other Ro cky Moun ta i n  bas i n s , e a r l y  d r i l l i ng i n  t h e  Wi nd 
River bas i n  wa s concen tra ted on s tructures  tha t c o u l d  be mapped 
wi th s urface geol ogy . La ter e xplora t ion p urs ued s tra t igraph i c  
traps , a nd t ig h t  g a s  sands have been expl o i ted o n l y  i n  the l a s t  few 
ye ar s .  Regard i ng gas e xplora t ion in general d ur i ng the ye ars 1 9 7 0  
through 1 9 7 7 ,  2 6 0  explorato ry we l l s  we re d r i l l ed , r e s ul t i ng i n  n i ne 
d i scover ie s ,  a rather poor s ucce s s  rat io . Howeve r ,  the r e c en t 
deve lopme n t  of new c ompl e t io n  technol ogy i n  l ow permeab i l i ty sand 
s tones i nd icates a f u t ure improvemen t  i n  these s ta t i s t i c s . 

The Te r t i ary Lowe r For t  Un ion and Uppe r Cre tace o u s  Lance are 
cons ide red to have the greate s t  po ten t i a l  for deve l opme n t  o f  t ig h t  
gas sand s . Th e For t Un i on i s  a f l uv i a l  channel  sys t em wi th rather 
h igh po ros i t i e s  i n  the  sand s , c ons id e r ing the i r  l ow pe rme ab i l i ty .  
The Lance sands are a l so no nmar i ne and h ave a more n o rmal poro s i ty/ 
permeab i l i ty r e l a t i o ns h i p . Ga s shows are ub iqu i to u s  i n  both ob
j e c t ive s but swept s po t s  in re se rvo ir qual i ty are no t easy to 
pred i c t . 

The Me saverde se c t i o n  i s  nonma r ine to tran s i t io n a l  to ma r i ne i n  
depos i t ional e nv i ro nmen t ,  and t h e  sands a r e  gene r a l l y  l en t i c ul a r  i n  
geome try . Expl ora tory s uc c e s s  i s  pr ed i c ted to be poorer than in 
the shal l owe r For t  Un ion a nd La nc e . 

The Lowe r Cre taceou s Fron t i er and Mud dy sands  are cons ide red 
prospe c t ive i n  the sh a l l owe r po rt ions of the bas i n . The s e  sands 

1 2 - l  
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0 M I L E S  36 1 :::a 0 KILO M E T E R S  6 0  

F i g u re 1 2- 1 . I ndex to Tight  Gas Areas -- W i nd R iver Bas i n . 
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a re b l a nke t i n  na ture and rathe r wide spread . Th ey we re analyzed by 
Lewin and As soc i a te s , and re se rvo i r  chara c te r i s t i c s  f rom Lewi n ' s  
repo r t  we re used fo r s ub s eq ue n t  ec onom i c  analys i s .  

As a general rul e ,  pay t h i ckn e s s  ( h )  wa s i n c re ased a s  perme 
a b i l i ty decre a s ed because  t here are mo re s a n d s  a t  the l ower e nd o f  
the pe rme ab i l i ty spe c t rum . A l ogar i thm i c  re l a t i o n s h i p  wa s a s s umed 
for pe rme ab i l i ty vs . areal  exten t ;  i . e . , 3 3  perc e n t  of the ba s i n  
wa s a s s umed to have a t  l e a s t  the ave r ag e pe rme ab i l i ty ,  1 0  pe r c e n t  
to h ave a t  l e a s t  t r i pl e  t h e  ave r age k ,  a n d  6 7  perc e n t  t o  h ave a t  
l ea s t  one th i rd the ave rage k .  

Co s t s  for geo logy and geophys i c s  are e xpe c ted to b e  l ow i n  
te rms o f  overal l e xpl or a t ion a nd d eve l opme n t  b e c a u s e  the traps a nd 
reservo irs  are d i f f i cu l t to pred i c t  and the bu rden o f  d i s c overy 
costs w i l l  probab l y  be borne by d r i l l i ng .  

Accord i ng to the i r  geograph i c  d i s tr i b u t i o n , some re s e rvo i r s  
were '' s tacked ; "  i . e . , i t  wa s a s s umed tha t mo re than one fo rma t i o n  
may prod uce from o n e  we l l  i f  t h e  pre s s ure s a r e  rea son ab ly s im i l a r . 
In the c a se o f  the W i nd River bas i n ,  i t  wa s pred i c ted tha t 3 0  per
cent of the Lowe r For t  Un ion prod uc t ion w i l l  co i nc ide w i th t h e  
9 , 0 0 0 -foo t d e p t h  Lan c e  produc t ion and that 4 0  pe r c e n t o f  t h e  
1 4 , 0 0 0 - foo t Lance prod uc t ion w i l l  co i nc ide wi t h  1 5 , 0 0 0 - foot Me s a
verde produc t ion . Th i s  s ta ck i ng h a s  the e f fe c t  o f  reduc i ng exp l o
rat ion and d evel opme n t  co s t s . 

PRODUC T ION 

Five fo rma t i ons i n  the W i nd River bas i n  are cons i d e red po t e n
t i al ly prod uc t ive o f  t igh t ga s .  Depths and re s e rvo i r  prope r t i e s  o f  
e ach are l i s ted i n  Tab l e  1 2- l . Some o f  these fo rma t io n s  ove r l ap i n  
approx ima t e l y  2 0  pe rcen t o f  the to t a l  prod uc t ive a re a ,  a nd d ua l  
comp l e t ions cou l d  pos s i b ly be used for nearly 3 8  pe rcen t o f  the 2 3  
TC F max imum recoverable g a s  in  the ba s i n .  The a r e a s  for e ach o f  
the ind i v i d u a l  fo rma t ions and the two c omb i na t i o n s  con s id e red are 
shown i n  Tab l e  1 2 - 2 . 

Th i s  s t udy tre a t s  e a ch o f  the f ive fo rma t ions p l u s  the two c om
b in a t ions separately . A f ul l  s e t  of tab l e s  i s  pr e s e n ted fo r each 
of the s even c a se s , a nd the prod uc t ion po ten t i a l  a nd econom i c s  o f  
each can b e  obt a i ned by analy z i ng the appropr i a t e  s e t . The g a s  
po ten t i al for t h e  whol e  b a s in a s  a f un c t ion o f  g a s  pr i c e  i s  s umma r
i zed in Tab l e  1 2- 3 . F i e ld s i ze d i s tr ibu t ions of prod u c i b l e  g a s  fo r 
the areas s t ud i ed i n  the W i nd River bas i n  are s hown i n  g raph fo rm 
i n  Figure 1 2- 2 . 

Us ing the Lowe r Fo r t  Un ion fo rma t ion a s  a n  exampl e ,  the g e o l og
ical d a ta us ed i n  both the rese rvo ir and e xplor a t ion s imul a to r s  are 
shown in Tab l e  1 2- 4 . Th e produc t i on rates e s t ima ted w i th the res
e rvo ir s imula tor for e ach pe rme ab i l i ty l eve l are s h own in Tab l e  
1 2- 5 .  Th ese rates  a r e  fo r base c a se techno l ogy wi th a frac t ur e  
h a l f - l eng th o f  1 , 0 0 0  f e e t .  An nual g a s  prod uc t io n  i n  m i l l ions o f  
cub ic fee t pe r ye ar pe r we l l  and the c umula t ive prod u c t ion over a 

1 2 - 3  
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FO RMAT I ON 

F ro!! t i er 
a r. d  t·1 u d d y  

L owe r F t . U n i on  

L a n·c e  

Lance  

M e s 0.  Verd e 

* B - B 1 a n ke t  
L - L c n t i c u l ar 

TY P E  DE PTH 

S.I\N O* 

B 2 , 000 ' 

L 7 , 5 00 ' 

L 9 , 000 ' 

L 1 4 ' 0 0 0 '  

L 1 5  ' 00 0 '  

TABLE  1 2 - 1  

Wi nd  Ri ver Bas i n  Properti es  

P RE S  ( p s i ) TEfviP ( Of )  P E R�1 ( md )  GAS- F I L L E D  N E T  PAY ( ft )  
P O RO S IT Y  ( % )  

7 7 5  l 04 . 3 - .  003 1 0 . 5 - 7 . 0  1 0- ·1 5 

3 75 0  1 8 0 . 3 - .  0 0 1  6 . 8 - 3 . 5  1 0- 1 so  
4 5 0 0  2 04 . 3  - . 0 003 6 . 3 - 3 . 1  6 - 2 00 

7 000 284 . 1 - .  0001  5 . 8 - 2 . 8  1 5 - 2 0 0  

7 5 00 3 0 0  . 0 3 - . 0 0 0 1  5 . 0- 2 . 8  2 4 - 1 00 
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BAS I N  

W i nd R i ve r  

B a s i n  Tot a l  

BAS I N  --

W i n d R i ver 

Bas i n  Tota l 

S U B -BAS I N  

SUB-BAS I N  

TAB LE  1 2 - 2  

Formati on Area s 

FORMAT I ON 

Lowe r Fort  Un i on 
L ance  9000 
L ance 1 4000 
Mes a V e rde  1 50 00 
Lowe r Fo rt  U n i on + Lance  9000 
L ance 1 4000 + Me sa  V e rde 1 5 000 
F ron t i e r /Muddy 

TABLE  1 2 -3  

SUMMARY OF W I N D R I VE R  BAS I N  GAS POTENT I AL 

( B C F )  

BASE 
F ORMAT I ON $2 .50  $5 .00 

Lower Fort U n i on 3355 3709 
La n ce 9000 0 860 
L a n c e  1 4000 0 1 200 
Mesa Verde 1 5000 0 0 
Lower Ft . Un i on + La n ce 9000 2789 297 1  
Lance 1 4000 + Mes a V e r d e  1 5000 0 0 
Front i er/M u d dy 895  1 1 1 1  

7039 985 1 

PRODUCT I V E 
AR EA (S E CT I ON S )  

63 0 
1 8 0 
2 7 0  
2 70  
27 0 
1 8 0 
48 0 

2 , 280  

$9 .00  

3709  
9 1 8  

1 687  
0 

29 7 1  
1 27 9  
1 1 63 

1 1 72 7  

$2 .50  

3677 
0 
0 
0 

3 7 1 8  
0 

1 377  

8772 

MAX I MUM 
R E COVERABLE 

GAS (B C F) 

ADVANCED  

5 '  1 1 5 
1 ' 740 
3 ' 3 06 
2 ,  744 
4 , 800 
4 , 03 4  
1 ' 547 

23 ' 286 

$5 . oo i2. oo 

5 1 1 5  5 1 1 5  
1 1 72  1 642 
1 778  2495  

0 0 
4800 4800 

0 3 1 7 9 
1 547  1 54 7  

1 4 4 1 2  1 8778  



Ll.. 
() Ill 
u.i 
� 
en 
c ...J w 
Ll.. 

1 00 0  

1 00 

� ..... �0 
� � i,. � ���, � .lf). y A 'I � .,_. 

� if' '\  lfh _., 
,'S / � � � 

/ UT " f  � �� rJJl �����q r,'t��� �() ��o�f"' 
J 

� 

ij/ aaa 

� � �<���� � � " ) 1 0  
40 60 60 70 80 90 95 98 9 9  99.8 99.9 

CUMULATIVE PROBABILITY OF OCCURRENCE 

(Y-AXIS VALUE OR LESS) 

F i g u re 1 2-2. Field S ize D istr ibut ion of Produ c i b le Gas, 
Wind R iver Bas i n . 

1 2 - 6  



1-' 
N 

I 

-....! 

TOTAL BAS I N  AREA C S ECT l ONS ) : 
TYPE : Lent i c u l a r  

NGL C BBL/MMC F ) : 1 0 . 

AVERAGE PRODUCT I V E 
PERM . AREA 
<MD ) < SECT I ONS ) 

0 . 3  63 

o .  1 1 4 5 

0 . 03 2 1 4  

0 . 0 1  1 26 

0 . 003 57  

0 . 00 1  2 5  

630 

H/C GAS 
POROS I TY 

( % )  

6 . 8 

5 . 8  

5 . 0  

4 . 4  

3 . 9 

3 . 5 

NET PAY 
TH I CKNESS 

( FT . ) 

1 0  

1 7  

30 

50 

90 

1 50 

TABLE 12-4  

GEOLOG l CAL DATA SUMMARY 

BAS I N : W i n d R i ver 
SUBBAS I N : 
FORMAT I ON :  Lower Ft . Un i on 

EST I MATED MAX .  
GAS I N  P l ACE AT RECOV ERABLE 
RESERVO I R  CONO . GAS 

C BCF ) C BCF ) 

2 2 5 . 54 1 94 

833 . 7 5  680 

1 966 . 66 1 5 1 9  

1 7 70 . 3  1 284 

1 3 1 0 . 43 886 

862 . 5 52 

6969 . 5 1 1 5  

DEPTH ( FT . ) :  7 500 
PRE SSURE (P S l A ) : 3750 
TEMPERATURE ( ° F ) : 1 80 

FOR EACH DR I L L I NG LOCAT I ON W/C : 
PROBAB l L I TY PROBAB l L l TY THAT W/C l S  

THAT STATE OF PRODUCT l VE ,  G l VEN  THAT 
NATURE l S  STATE-OF-NATURE I S  PROU 

PRODUCT 1. V E  1 st W/C 2 n d  W/C 

0 . 25 1 . 0 

0 . 5 5  1 .  0 

0 . 65 1 . 0 

0 . 7 5  1 .  0 

0 . 85 1 . 0 

0 . 90 1 . 0 



TAB L E  1 2- 5  

W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E 

� I N D R I V E R , L O W E R  F O R T  U N I O N 7 5 0 0  

G A S  P R O D UC T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  C MD )  
Y E A R  

1 4 9 0  5 2 2  4 6 1 3 8 6  3 4 3  2 9 1 

2 8 5  1 7 8 2 1 7 1 9 9 1 7 8 1 5 1 
I-' 
"" 
I 

00 
5 6 3 9  8 5  1 0 1 1 0 1  8 7  

1 0  0 8 3 6  5 8  6 7  5 9  

1 5  0 3 1 8  3 9  5 2  4 7  

2 0  0 1 1 1  2 7  4 2  4 0  

3 0  0 0 4 1 6  2 9  3 1 

3 0 - Y E A R  
C U M M . 
P R O D . 6 4 0  1 0 2 0  1 5 3 9 1 9 2 0  2 1 2 0 1 9 2 9  

( I'I M C F ) 



3 0-ye ar pe r iod are g iven . The 3 0-ye a r  cumul a t ive s range from 0 . 6 4 
to 2 . 2 BCF per we l l  for the s i x perme ab i l i ty l ev e l s  s t ud i ed . Tabl e  
1 2- 6  shows the d a ta fo r the ad va nced techno l ogy c a se w i th frac ture 
h a l f- l e ngth s o f  up to 4 , 0 0 0  fee t . The 3 0 -ye a r  c um ul a t ives for the 
advanced technology c ase are from f ive to more than 50 percent 
h igher than for the base techno l ogy c a s e . 

TABlE 12-6 

Lenticular Recovery Factors 
Percenta<je of Total Producible 

Gas Recoverable in 30 Years 
( Base Case-Wind River , Lance 9000 ' Formation ) 

Wells/Section 1 2 3 

Perm. (rnd)  
. 3  27 56 70 

. 1  24 49 61 

. 03 20 45 60 

. 01 15 35 51 

. 003 10 24 36 

. 001 7 15 24 

. 0003 4 10 15 

* Values used 111 estimating gas recovery in Table 12-16 .. 

4 

78 * 

69 * 

73 * 

67 * 

52 * 

34 * 

22 * 

Prod uc t ion rates for the For t  Un ion we l l s w i l l  r a nge from about 
8 0 0  MCF/ D to 1 , 4 0 0  MCF/D for the f i r s t  ye ar w i th base te c h no l ogy , 
depe nd i ng on pe rme ab i l i ty l evel a nd ne t pay th i ckne s s .  Wi th l o nger 
frac t ur e s , ave rag e  d a i ly produc t ion rates  in  the f i r s t  ye a r  shou l d  
exceed 1 MMC F/D for a l l  pe rme ab i l i ty l eve l s . Ra te s w i l l  d e c l i n e  
rapid ly , howeve r ,  a nd b y  t h e  f i fth ye ar even t h e  b e s t  we l l  w i th 
ad vanc ed technol ogy w i l l  be prod uc i ng o n ly 3 0 0  M C F/ D .  The h ighe s t  
perme ab i l i ty we l l s , d e c l i n i ng rapid ly , wi l l  b e  prod u c i ng a t  o n ly 5 0  
MC F/D.  

Th e For t  Un ion is  a l en t i c ul ar s a nd a nd the n umbe r  o f  we l l s  pe r 
sect ion a c t ua l ly d r i l l ed w i l l  a f fect the ul t ima te recove ry d ra s t i c
al ly .  Tab l e  1 2- 7  s hows the n umbe r  of wel l s  per s e c t i o n  with both 
base and ad vanced te chno l ogy . Wi th base technology , the n umber of  

1 2 -9 



TABLE 12-7 

Lenticular Recovery Factors 
Percentaye of Total Producible 
Gas Recoverable in 30 Years 

( Advanced Case-wind River, Lance 9000 ' Formation ) 

Wells/Section l 2 3 4 6 

Perm. (rnd)  
. 3  56 84 93 94 99 * 

. 1  52 74 81 83 93 

. 03 43 67 80 88  96  * 

. 01 33 52 68 81 95 * 

. 003 22 36 48 63 82 

. 001 14 23 32 42 60 

. 0003 9 14 20 26 40 

* Values used for estimating yas recovery in Table 12-17 . 

8 12 

100 100 

96 99 * 

100 100 

100 100 

97 * 100 

79 * 100 

56 81 * 

we l l s r eq u i red r a nge s from 4 . 6  to 1 1 . 3 we l l s per s ec t io n . Howeve r ,  
w i th base techno l ogy and thus curre n t  we l l  spa c i ng r e s t r i c t io n s , 
o n ly four we l l s pe r s e c t ion are pe rmi t ted . The e f fe c t  i s  to r e d uc e  
recove rable g a s  f rom t h e  max imum of 5 , 1 1 5  B C F , shown i n  Tab l e  1 2- 4 , 
to o n ly 3 , 7 0 9  BCF . W i t h  ad vanced technology , we l l  s pac i ng could be 
var ied so tha t the a c t ua l  number of we l l s needed could be d r i l led . 
For t h e  For t  Un i o n , th i s  wo uld r a nge f rom 3 . 0 to 9 . 5 we l l s  pe r 
s e c t ion . W i t h  ad vanced technology , the f ul l 5 , 1 1 5  B C F  c o u l d  be 
recove r ed . 

Len t i c u l ar re cove ry factors for the W i n d  Rive r were cal c u l a ted 
u s i ng the l e n s  s i z e  d i str ibu t ions obs e rved in the Ui nta bas i n  
( Table  1 6 ,  Par t  I ) . The s e  recove ry f a c to r s  a r e  g i ven i n  Tab l e s  
1 2- 6  a nd 1 2- 7  f o r  t h e  La nce 9 , 0 0 0  f t . forma t ion . Th ey are ve ry 
s im i lar to those re cove ry factors i n  Tab le s 1 7  and 1 8 .  

A c ur so ry e x am i n a t ion o f  Tab l e s  1 2- 6  and 1 2- 7  for the Lance 
9 , 0 0 0  f t . fo rma t i o n  could l e ad to an incorre c t  conc l u s ion that a 
base c a se we l l  i s  more e f fe c t ive ove r i t s  3 0 -ye a r  l i fe than an 
advanced case we l l . The s e  tab l e s  c anno t b e  d i re c tl y  c ompa red be
c a u s e  d i f ferent we l l  d e n s i t i e s  are i nvol ved . The base c a s e  table 
d i spl ays the g a s  prod u c ed by each we l l  when only 4 we l l s/se c t ion in  

1 2 - 1 0  



each pe rme ab i l i ty l eve l are a l l owed . Howeve r ,  i n  the advan c ed 
case , we l l  den s i t i e s  of 6 ;  1 2 ,  6 ,  6 ,  8 ,  8 ,  1 2  we l l s/se c t io n  are 
used in the pe rme ab i l i ty l evels from K = 0 . 3 to 0 . 0 0 0 3  md r e s pe c
t ive ly . Th e se we l l  d e n s i t i e s  we re c al cul a ted w i th i n  the l e n t i c u l ar 
prod uc t ion mod e l  so as to max imi ze the amoun t o f  gas  recove red . As 
shown i n  Tabl e  1 2- 1 4 ,  the number of we l l s  a c t ua l ly used wa s some 
t ime s i nc reased to recover a l l  the gas pos s i b l e . The re fore , b e 
cause many more we l l s  pe r s e c t ion a r e  u s e d  i n  t h e  advanced case , 
the u l t ima te gas recove ry on a pe r-we l l  bas i s  i s  l owe r than that  o f  
the base case . Th i s  i s  true for almo s t  a l l  the l e n t i c u l a r  fo rma
t ion s , even though more gas is prod uc ed in the ad vanced c a s e . 

Us i ng the La nce 9 , 0 0 0  f t .  fo rma t ion o f  the W i nd R iver bas i n  as 
an exampl e ,  a compar i so n  can be mad e  of the pe r c en t recove ry and 
the u l t ima te re cove ry pe r we l l  whe n  o n ly 4 we l l s/s e c t io n  a r e  
a l lowed i n  both t h e  b a s e  and t h e  ad vanced case . 

As shown i n  Tab l e  1 2- 8 ,  the ad vanced case we l l s have both a 
h igher ul t ima te recove ry pe r we l l  and a h igher perc e n t  recove ry 
than the base case we l l s whe n  compa red on an eq u a l  b a s i s . 

Perm. ( rrd ) 

0 . 3  

0 . 1  

0 . 03 

0 . 01 

0 . 003 

0 . 001 

0 . 0003 

TABLE 12-8 

Wind River Basin , Lance 9000 ft.  
Four Wells/Section 

Base Case 
Ul t .  Recovery % Recovery 

Per Well of Gas in 
(lvJMCF ) Section 

400 78 

620 69 

1009 73 

1340 67 

1600 52 

1600 34 

1509 22 

Fonaation, 

Advanced Case 
Ul t .  Recovery % Recovery 

Per Well of Gas in 
(MMCF ) Section 

489 94 

745 83 

1227 88 

1618 81 

1932 63 

1930 42 

1824 26 

F i na l ly , a compar i so n  of the we l l  produc t i o n  fo r both base  and 

ad vanc ed case we l l s i n  the  0 . 1 pe rme ab i l i ty l evel i s  s hown i n  Tabl e  

1 2- 9 . Wh e n  only four we l l s/ s e c t i o n  are used i n  each c a s e , the 

ad vanced technol ogy we l l  i s , o f  course , an improveme n t .  

1 2 - 1 1  



Year of 

1 

2 

5 

10 

15 

20 

30 

TABLE 12-9 

Wind River Basin, Lance 9000 ft. Formation 
Four Wells/Section , 0 . 1  Penneability 

Base Case Production Advanced Case Prod . 
Production (MMCF/Well/Year ) (��CF/Well/Year ) 

367 445 

98 119 

17 21 

4 5 

1 2 

0 1 

0 0 

30-Year Cwrun. Prod . ( MMCF ) 620 745 

In  l en t i c ul a r  re s e rvo i r s  the l o ng fra c t ure s are u s ed a s  me ans 
to conne c t  l e n s e s  to the we l l . Th e s e  l ong f r a c t ur e s  are n o t  used , 
a s  i n  b l a nke t forma t ion s , to i ncrease the e f f ic i e nc y  o f  prod uc t io n  
o f  e ach i nd i v i d u a l  we l l . Al l t h e  we l l s i n  a s e c t i o n  o f  l e n t i cu l a r  
re se rvo i r s  a c t  i n  consor t to i ncrease t h e  ove r a l l  e f fe c t iven e s s  of 
d ra i n ing the se c t i o n  of i ts ga s .  To d o  so , the amou n t  o f  g a s  pro
d uc ed by e ach i nd i v i d u a l  we l l  may be le s s . 

E CONOM I C S  

Th e b a s i c  geolog i c  and prod uc t io n  d a ta fo r a l l  f iv e  fo rma t ions 
plus the two c omb i n a t ions for dual c ompl e t ions were proce s s e d  w i th 
the f ul l  cyc l e  expl ora t ion and produc t io n  s imul a to r  d e s c r i bed i n  
Chap t e r  Fo ur . Each of the s even s e t s  o f  d a ta wa s eva l ua t ed sepa
ra te ly to d e te rm i ne the econom i c s  of f i nd i ng and d eve l op i ng the gas  
i n  that pa r t i c ul a r  fo rma t ion or c omb i n a t i o n  o f  fo rma t ion s .  Th e 
i nv e s tme n t  req u i r ed and e conom i cs o f  g a s  prod uc t i o n  vary s ub s tan
t i a l ly from one fo rma t ion to anothe r .  

Con t i n u i ng w i t h  the For t  Un ion e x ampl e , the i nve s tmen t  a nd 
ope r a t i ng expe n s e s  used to eva l u a te the F o r t  Un i o n  are shown i n  
Tabl e  1 2 -1 2 .  Frac t ur i ng cos t s  a r e  a f un c t ion o f  the n e t  pay th i ck
n e s s  and f r a c t ur e  l eng th and are pre se n ted as rang e s  i n  th i s  table . 
The appropr i a te va l ue s  for each c a s e , howeve r ,  we re c a l c ul a ted and 
u sed i n  the s imul a to r . 

1 2 -1 2  



TABLE  1 2- 1 0  

w f l l  P R O D U C T I O N S U M M A R Y - - A D V A N C E D  C A S E  

w l N D R I V E R ,  L O � E R  F O R T  U N I O N 7 5 0 0  

G A S P R O D U C T I O �  ( M M C F / Y E A R / W f l l ) 

K = 0 , 3  0 . 1 0 � 0 1  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( H D )  0 , 0 0 1  0 , 0 3 0 . 0 0 3  0 . 0 0 0 3  
Y E A !"'  

1 6 4 4 6 1 9 5 2 3  4 6 7  4 1 3 4 2 1  

2 1 8 3  2 6 0  2 6 5  2 4 0 2 0 9 1 9 8 
1--' 
N 
I 

I-' 
w 5 1 9  8 2 1 2 2  1 2 3 1 1 6 1 1 1  

1 0  3 2 4 6 5  7 1 6 9  6 6  

1 5  0 9 3 8  4 7  4 9  5 2  

? 0  0 4 2 6  3 3 3 8  3 9  

3 0  0 1 1 3  1 9  2 4  2 7  

3 0 - Y E A R 
C l.J f': l"- , 

h R eo ( M F ; 1 0 0 Q  1 5 6 0  2 2 3 9 2 3 1 9 2 2 3 9 2 2 9 0 



TABLE 1 2- 1 1  

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lower Ft . Un i on 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS I MAX=4 1 < BC F )  A L L  GAS I MAX= 1 2 1  ( BCF ) 

1-' N 
. 3  4 . 8 1 25 I 4 1 6 1  3 . 0 53 3 . 053  1 94 

1-' 
,j:>. 

• 1 4 . 598 4 5 92 3 . 006 3 . 006 680 

. 03 4 . 607 4 1 322 3 . 1 66 3 . 1 66 1 5 1 9  

. o  1 5 . 307 4 963 4 . 394 4 . 394 1 284 

. 003 7 . 090 4 478 6 . 7 1 3  6 . 7 1 3  886 

. 00 1  1 1  . 343 4 1 93 9 . 5 54 9 . 554 5 52 -

3709 5 1 1 5  
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TABLE  1 2- 1 2  

I NV E STMENT AND OPERAT I NG EXPENSES  

BAS I N :  W i nd R i ver 
SUB-BAS I N :  
FORMAT I ON :  Lower F t .  U n i on 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We l l )  

Fracture  Cost ( $/We i I )  

Base Case I 1 000 Ft . Fractu re ) 
Ad va n c ed Case 1 2000/4000 Ft . Fracture ) 

Surface  E q u i pment ( $/We l l )  

Annua l O perat i ng Expense ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

2 0 , 000 

54 1 , 000 

1 5 5 , 000  - 7 5 5 , 000 
309 , 000 - 1 , 6 1 0 , 000 

4 5 , 000 

1 0 , 000 

. 029 1 



The o u tpu t from the s imul a to r  i s  shown i n  two tab l e s : the e co
nomic s umma ry for the base technology c a se i s  s hown i n  Tab l e  1 2 - 1 3 ; 
advanced technolgy e conom i c s  are s umma r i ze d  i n  Tab l e  1 2- 1 4 . Eva l 
u a t ions are made a t  d i scount rate s o f  1 0 ,  1 5 ,  a n d  2 0  pe rcent  a t  
s everal g a s  pr i c e s . Ea ch of the 2 4  c ase s shown o n  e a c h  tab l e  i s  a 
c ompl e te eva l ua t io n . In  other word s , the e n t i r e  b a s i n i s  d r i l l ed 
and deve l oped a s s um i ng tha t th i s  g a s  pr i c e  and d i sc ou n t  fac tor pr e
va i l . In each c a se the table shows the rate of re t urn a nd the ne t 
presen t  va l u e  ( po s i t iv e  only whe n  the rate o f  r e t ur n  e x ceeds the 
d i scoun t r a t e ) . Whe n  the net pre sen t va l ue i s  not  pos i t ive , th i s  
s imply me ans that  none of the ga s wi l l  be rec ove r a b l e  a t  th i s  pr i c e  
a nd d i s c o un t  r a te . I n  Tabl e  1 2 -1 3 ,  th i s  o c c ur s  o n ly a t  the l owe s t  
pr i c e  o f  $ 1 . 5 0/MCF a nd a t  d i scou n t  r a te s a bove 1 0  pe r c e n t .  As 
pr ice increase s ,  n e t  pre sen t va l ue b e c ome s pos i t i ve a nd some g a s  
become s recoverab l e . Fo r exampl e ,  i n  Ca se 2 2 ,  a t  a 1 5  perce n t  r a te 
o f  re t urn and $ 2 . 5 0/MC F ,  pre sent  va l ue i s  $ 1 . 4 3 7  m i l l ion a nd 3 , 3 5 5  
BCF o f  g a s  become rec ove rab l e . No te a l so tha t pe rme ab i l i ty l ev e l s  
from 0 . 1 to 0 . 0 0 3  m d  w i l l  be econom i c . Al l o th e r  pe rme ab i l i ty 
l ev e l s  we r e  tes ted b u t proved uneconom i c .  As pr i c e  i n c re a s e s ,  b o th 
n e t  pre sent  wor t h  a nd re cove rabl e g a s  i nc r e a se u n t i l , a t  $ 5 . 0 0/MC F ,  
g a s  from a l l  pe rme ab i l i ty l evels i s  recove rab l e . Howe ve r ,  the 
3 , 7 0 9  BCF recoverable is s t i l l  l e s s  than the max imum wh i ch c o uld be 
rec ove red w i t h  advanced technology , as shown in Tab l e  1 2- 1 4 .  

Th e tabl e s  a l so show the inve s tme n t  r eq u i red pe r prospe c t  and 
the max imum n umber of prospe c t s  ava i l able  in the b a s i n  at t h e  
pr ice . Th e t o t a l  numbe r  of we l l s req u i red i s  a l s o  s hown . Compar i
son o f  Tab l e s  1 2 -1 3 and 1 2 - 1 4  will  s how the e f f e c t  o f  advanced 
te chnology . S im i l a r  econom i c  summa r i e s  are shown for the o th e r  
four forma t ions p l u s  t h e  two comb in a t ion s .  A n  ove r a l l  s umma ry o f  
t h e  W i nd River bas i n  und i sc ove red t ig h t  g a s  that  i s  po te n t i a l ly 
pro d uc t ive i s  s h own i n  Tab l e  1 2- 3 .  The se e s t ima tes for both b a s e  
a nd advan c ed technology c as e s  a r e  c a l cu l a ted for g a s  pr i c e s  o f  
$ 2 . 5 0 ,  $ 5 . 0 0 ,  and $ 9 . 0 0/MC F  a t  a 1 5  pe rce n t  d i s c o u n t  r a t e . 

1 2 - 1 6  



TABL E  1 2- 1 3 

ECONOM I CS SUMMARY 
BAS I N  W i nd R i v<;r  TECHNOLOGY Base 
SUB BAS I N  FORMAT I ON Lower F t . Un i on Z500 ' DATE June 1�80 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K-LEVELS E & P GAS NET PRE S .  DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS  W I LDCAT DEVELOPMENT 
CASE NO . VMCF __ % __ NO.  VALUE * ..itL.- _gf_ �M !I AT PR I C E,BCF G I P  BCF AT PR I CE � DRY PROD . Qlr!. f!!QQ.._ !Qffib. 
D i scoun t Rate 1 0%  
1 1 0 1 1 1 1  I .  50 34 . 5  2 CD 3536 5 . 685 97 1 1 . 7 2285 280 3 402 34 . 5  263 1 37 287 1 1 46 1 83 3  2 1  2 . 50  56 . 1  4 BCDE 5424 8 . 436 2 1 72 4 3 .  I 3355 4369 398 56 . 1  1 75 223 481  1 923 280 1 

3 1  3 . 1 0  62 . 6  6 ABCDEF 5893 8 . 902 3496 6 1 . 8  3709 5 1 1 5  4 1 7  62 . 6  1 56 26 1 555 22 1 8  3 1 89 4 1 3 . 50  " " " " " 4 307  72 . 6  " " " " " " " 

5 1  5 . 00 " " " " " 7345 1 08 . 4 
6 1  7 . 00 " " " " " 1 1 396 1 46 . 7  
7 1  9 . 00 " " " " " 1 5447 1 78 . 5  
8 1  1 2 . 00 " " " " " 2 1 523  2 1 8 . 4  

D i scount  Rate 12£. 1-' 1 2  I .  50 0 0 - 9 1 1 0 - 524 0 
N 22 2 . 50 56 . 1  4 BCDE 5424 8 . 436 1 437 43 .  1 3355 4 369 398 56 . I 1 75 223 481  1 923 280 1 I 
1-' 

3 2  3 . 1 0  59 . 0  5 ABC DE 5850 8 . 753  2433  6 1 . 2  3 5 1 6  4563 402 59 . 0  1 65 237 532 2 1 28 3062 
-...] 42 3 . 50  " " " " " 3058 7 1 . 9  " " " " " " " " " 

52 5 . 00 62 . 6  6 ABCDEF 5893 8 . 902 5475 1 08 . 4 3709 5 1 1 5  4 1 7  62 . 6  1 56 261  555 22 1 8  3 1 89 
62 7 . 00 " " " " " 8639 1 46 . 7  
72 9 . 00 " " " " " 1 1 803 1 78 . 5 
8 2  1 2 . 00 " " " " " 1 6549 2 1 8 . 4  

D i scount  Rate 2�4 
1 3  I .  50  0 0 - 9 1 1 0 -525  0 
23  2 . 50 4 7 . 9  3 BCD 5 1 42 7 . 6 1 4  863 4 1 . 7 2877 3483 378 4 7 . 9  1 97 1 8 1 435 1 737 2550 
33 3 . 1 0  59 . 0  5 ABC DE 5850 8 . 753 1 757  6 1 . 2  35 1 6  4563 402 59 . 0 1 65 237 532 2 1 28 3062 
43 3 . 5 0  " " " " " 2263 7 1 . 9  " " " " " " " " " 

53  5 . 00 6 2 . 6  6 ABCDEF 5893 8 . 902 42 1 5 1 08 . 4  3709 5 1 1 5  4 1 7  62 . 6 1 56 261  555 2 2 1 8  3 1 89 
6 3  7 . 00 

" " " " " 6773 1 46 . 7  " " " " " " " 

73 9 . 00 
" " " " " 933 1  1 78 . 5  

83  1 2 . 00 
" " " " " 1 3 1 68 2 1 8 . 4  " " " " " " " 

* CODE : A B C D E F 
0 . 3 0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  
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BAS I N  ll i nd  R i ve r  

SUB BAS I N  

PROF I T . K-LEVELS 
GAS PR I CE PROSP . ON STREAM 

CASE NO. VMCF __ % __ NO. VALUE * 

D i scoun t Rate  1 �/,  
1 1 0 1 2  I I  I .  50 34 . 5  2 CD  

2 1  2 . 50 59 . 0  5 ABC DE 
3 1  3 . 1 0  I I  I I  I I  

41 3 . 50 I I  I I  I I  

5 1  5 . 00 62 . 6  6 ABCOEF 
6 1  7 . 00 I I  I I  I I  

71  9 . 00 
I I  I I  I I  

8 1  1 2 . 00 
I I  I I  I I  

D i scoun t R a t e  1�/, 
1 2  I .  50 0 0 0 
22 2 . 50 50 . 8  4 ABCD 
32 3 . 1 0  59 . 0 5 ABC DE 
42 3 . 50 I I  I I  I I  

!> 2  5 . 00 62 . 6  6 ABCDEF 
62 7 . 00 I I  I I  I I  

72 9 . 00 I I  I I  I I  

82 1 2 . 00 I I  I I  I I  

D i scount Ra te 20% 
1 3  I .  5 0  0 0 0 
23 2 . 50 5 0 . 8  4 ABCD 
33 3 . 1 0  I I  I I  I I  

43 3 . 50 59 . 0  5 ABC DE 
53 5 . 00 I I  I I  I I  

63 7 . 00 62 . 6 6 ABCDEF 
73 9 . 00 I I  I I  I I  

8 3  1 2 . 00 I I  I I  I I  

* CODE : A 
0 . 

B C D E F 
0 . 1 0 . 03  0 . 0 1  0 . 003 0 . 00 1  

TABL E 

ECONOMICS 

FORMAT I ON LQ��c Ft. UoiQn �500' 
AVERAGE PER PROS PECT 

E & p GAS NET PRES . DCF RATE 
I NVEST . PROD . VALUE OF RETURN 
_w__ ...!£L �M % 

3574 6 . 327 1 22 1 1 . 7  
6064 1 0 . 222 2632 42 . 8  

I I  I I  3940 58. 7 
I I  I I  48 1 2  68 . 7 

6374 1 0 . 628 8297 1 03 . 0  
I I  I I  1 2798 1 4 1 .  I 
I I  I I  1 7299 1 73 . 2  
I I  I I  24050 2 1 4 . I 

1 1 1 6 0 -638 0 
5380 8 . 928 1 547 42 . 2  
6064 1 0 . 222 2 7 1 1 58 . 7 

I I  I I  3381  68. 7 
6374 1 0 . 628 604 1 I 03. 0  

I I  I I  9499 1 4 1 .  I 
I I  I I  1 2957 I 7 3 . 2  
I I  I I  1 8 1 44 2 1 4 . I 

1 1 1 6 0 -636 0 
5 380 8 . 928 1 0 1 3  42 . 2  

I I  I I  1 739 57. I 
6064 1 0 . 222 2455 68 . 7  

I I  I I  4464 1 02 . 2  
6374 1 0 . 628 7334 1 4 1 .  I 

I I  I I  1 0098 1 73 . 2  
I I  I I  1 4244 2 1 4 . I 

1 2- 1 4  

SUHHARY 
TECHNOLOGY Advanced 

DATE June 1�80 

BAS I N  TOTA LS II ELLS 
HAX NO . W I LDCAT 

GAS RECOVER . HAX RECOV . PROS P .  SUCCESS Ill LDCAT DEVELOPMENT 
AT PR I CE,BCF G I P,BCF AT PR I CE X. DRY PROD . Q!rr. PROD . !.Q!& 

2802 2802 443 34 . 5  290 1 53 244 976 1 663 
4563 4563 446 59 . 0  1 83 263 474 1 894 281 4 

I I  I I  I I  I I  I I  I I  I I  

5 1 1 5  5 1 1 5  481  62 . 6  1 80 30 1  524 2096 3 1 02 

0 0 0 0 0 0 0 0 0 
3677 3677 4 1 2  50 . 8  203 209 394 1 577 2383 
4563 4563 446 59 . 0 1 83 263 474 1 894 281 4 

I I  I I  I I  I I  I I  I I  I I  I I  

5 1 1 5  5 1 1 5  48 1  62 . 6 1 80 30 1 524 2096 3 1 02 
I I  I I  I I  I I  I I  I I  I I  I I  I I  

0 0 0 0 0 0 0 0 0 
3677 3677 4 1 2  50 . 8  203 209 394 1 577 2383 

I I  I I  I I  I I  I I  I I  I I  I I  I I  

4563 4563 446 59 . 0  1 83 263 474 1 894 281 4 
I I  I I  I I  I I  I I  I I  I I  I I  

5 1 1 5  5 1 1 5  48 1  62 . 6  1 80 30 1 524 2096 3 1 02 " " " I I  I I  I I  I I  " 
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TOTAL BAS I N  AREA ( SECT I ONS ) :  
TYP E : Lent i c u l a r  

NGL C BBL/MMC F ) : 1 0 .  

AVERAGE PRODUCT I V E 
PERM . AREA 
CMD )  ( SECT I ONS ) 

0 . 3 2 

o . 1 1 4  

0 . 03 43 

0 . 0 1  6 1  

0 . 003 36 

0 . 00 1  1 4  

0 . 0003 9 

1 80 

H/C GAS 
POROS I TY 

( % )  

6 . 8 

5 . 8 

5 . 0  

4 . 4  

3 . 9  

3 . 5  

3 .  1 

NET PAY 
TH I CKNESS 

( FT . ) 

6 

1 0  

1 9  

33 

6 1  

1 1 0 

200 

TABLE 1 2- 1 5 

GEOLOG I CAL DATA SUMMARY 

BAS I N : W i n d R i ver 
SUI:3BAS l N :  
FORMAT I ON :  Lance 9000 

EST I MATED MAX .  
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) C BC F )  

5 . 64 5 

56 . 52 

282 . 08 240 

6 1 1 . 22 490 

5 9 1 . 1 2 442 

372 . 1 2  267 

385 . 2 244 

2303 . 1 740 

DEPTH ( FT . ) :  9000 
PRESSURE C P S I A ) : 4500 
TEMPERATURE ( ° F ) : 204 

FOR EACH DR I LU NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
NATURE I S  STATE O F  NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

0 . 20 1 . o  

0 . 40 1 . 0 

0 . 60 1 .  0 

0 . 70 1 . 0 

0 . 75 1 . o  

0 . 80 1 . 0 

0 . 80 1 . 0 



TABLE  1 2 - 1 6 

W E L L  P R O D U C T I ON S U M M A R Y- - B A S E  C A S � 

W I N D R I V E R , L A N C E 9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3 0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 2 8 5  3 6 7  3 3 0 2 8 2  2 6 6  2 4 3  2 2 3  

...... 2 5 9  9 8  1 5 0 1 4 4 1 3 8  1 2 6  1 1 8  
N 

I 
N 
0 

5 7 1 7  5 6  7 4  7 8  7 3  6 7  

1 0  1 4 2 1  3 8  4 8  4 9  4 6  

1 5  0 1 1 0  2 5  3 8  4 0  3 7 

2 0  0 0 6 1 7  2 9  3 3  3 2  

3 0  0 0 2 1 0  2 0  2 5  2 6  

3 0 - Y E A k 
C U M f-1 .  
P R C D . 4 0 0  

( � M C F ) 
6 2 0 1 0 0 9  1 3 4 0 1 6 0 0  1 6 0 0 1 5 0 9 



K -= 0 . 3 0 . 1  
Y E A R  

1 2 9 0  2 7 b  

t-' 2 2 7  1 0  
IV 
I 

IV 
t-' 

5 2 1 

1 0 0 0 

1 5  0 0 

? 0  0 0 

3 0  0 0 

3 0 - Y E A R 
C U M M . 
P R Q D , 3 3 9  3 0 0  

( M M C F ) 

TABL E  1 2 - 1 7 

w E L L  P R O D U C T I ON S U M M A R Y - - A D V A NC E D  C A S E  

W I N D R I V E R ,  L A N C E 9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

o . o 3 0 . 0 1  0 . 0 0 3  0 . o o 1 0 . 0 0 0 3  

4 3 4  3 6 8  3 9 8  3 5 2  3 6 7  

1 4 2 1 7 1 1 7 5 1 6 4  1 5 9  

3 5  1 1  8 1  9 2  8 9  

1 0  2 9  3 9  5 8  5 6  

4 1 7  2 4  4 1  4 4  

2 9 1 5  3 1  3 2  

1 5 8 2 0  2 3  

8 9 0 1 2 7 0  1 4 9 0  1 8 4 0  1 8 5 9 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MO )  
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BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY USED 
C MD )  ALL GAS [ MAX=4 1 

. 3 6 . 6 7 5  4 

0 1 5 o 99 * 4 

o03 5 o 5 1 4 

o O  1 5 o 97 4 

o003 7 . 68 4 

o00 1 1 1  0 59 4 

o0003 1 8 o 38 4 

* Samp I e ca I cu I at i on for 0 . 1 permeab i I i ty 

TABLE 1 2 - 1 8  

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : W i n d R i ver 
SUB-BAS I N : 
FORMAT I ON :  La nce 9000 

Rt:L.:OVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
C BCF ) ALL GAS 

4 7 o 876 

36 1 2 o 38 * 

1 7  5 6 . 247 

3 28 6 . 299 

230 8 o 24 1 

9 1  1 0 . 08 

54 1 4 . 92 

9 1 8 

Max Recover a b l e  Gas BCF/Sect i on = 5 2/ 1 4  = 3 . 7 1 4  ( Ta b l e  1 2- 1 1 )  

ADVANCElJ CASE 
NUMBER OF 

WEL LS/SECT I ON 
ACTUALLY USElJ 

[ f\11AX= I 2 1  

7 o 876 

1 2 . 000 

6 . 247 

6 . 299 

8 o 24 1 
/ 

1 0 . 08 

1 2 .  

Gas Prod uct i on Mlv!CF/yea r/we l l , Base Case = 620 ( Ta b l e  1 2- 1 2 ) , Ad va nced Case = 300 ( Ta b l e  1 2- 1 3 )  

RECOVERABLE 
GAS FRUIVJ 

ACTUAL WEL LS 
C BCF ) 

5 

5L  

240 

490 

442  

267 

1 98 

1 694 

N umber of we i I s  per sect i on to prod uce a l I gas , Base Case = 3 o 7 1 4  = 5 o 99 , Ad van ced Case = 3 o 7 1 4  = 1 2 o38  
O o 620 O o 30U 

Recoverab l e  gas from actua l we i I s  = 4 x O o 620 x 1 4  sect i on s  = 36 BCF 1 2  x O o300 x 1 4  = 52 BCF 
Lent i cu I ar Recovery F actor or We I I Ora i nage E f f i c i ency =_4_ = 6 7% ___!1__ = 97% 

5 o 99 1 2 o 38 
See Tab l e  1 2-53 for LRF = 69% 
Rou nd i ng i n  these tab l es and i n  the comp uter does not a l ways  a l l ow a exact 

ma tch  of n ume r i ca l  va l ues . 

See Tab l e  1 2 - 54 fo r LRF 9 9 % . 
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TABLE  1 2 - 1 9  

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : W i n d R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lance 9000 

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 2 0 , 000 

D r i I l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Ca se [ 1 000  Ft . Fractur e ) 
Advan ced Case [ 2000/4000 Ft . Fracture ) 

S u r face Eq u i pment ( $/We l l )  

An n ua l Operat i ng E x pe n se ( $/We i I )  

Compr essor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas  Revenue 

8 1 0 , 22 2  

1 6 7 , 000 - 94 2 , 000 
332 , 000 - 1 , 7 2 9 , 000 

4 5 , 000 

1 0 , 000  

. 02 9 1 



BAS I N  W i nd R i ver 
SUB BAS I N  

PROF I T  K-LEVELS 
GAS PR I CE PROSP . ON STREAM 

CASE NO.  $/M:F _% _ NO. VALUE * 

D i scount Rate 1 0� 
2 502 1 1 1  I .  50 0 0 -

2 1  2 . 50 0 0 -
3 1  3. 1 0  55 . 9 3 mE 
4 1  3 . 50 " " " 
5 1  5 . 00 65 . 9 5 BCDEF 

....... 
6 1  7 . 00 68. 6  7 ABCLJEFG 
7 1  9 . 00 " " " 

N B l  1 2 . 00 " " " 
I 

N 
D i scount Rate 1 5% � 

1 2  1 . 50 0 0 -
22 2 . 50 0 0 -
32 3 . 1 0  0 0 -
42 3 . 50 5 5 . 9  3 CDE 
52 5 . 00 65 . 9  5 BCDEF 
62 7 . oo 6B . 6  7 ABCLJEFG 
72 9 . 00 " " " 
82 1 2 .00 " " " 

D i scount Rate 20% 
1 3  1 . 50 0 0 -
23 2 . 50 0 0 -
33 3. 1 0  0 0 -
43 3 . 50 0 0 0 
53 5 . 00 59 . 0  4 BCDE 
63 7 . 00 64 . I 6 ABCDEF 
73 9 . 00 68 . 6  7 Al:lCDEFG 
83 1 2 . 00 " " " 

*CODE : A B c D E 
0 . 3  0 . 1  0 . 03 0 . 0 1  0 .003 

TABLE  1 2 -20 

ECONOM I CS SUMMARY 

FORMAT I ON Lance 9000 

AVERAGE PER PROSPECT BAS I N  TOTALS 
E & p GAS NET PRES .  UCF RATE 

I NVEST . PROD. VALUE OF RETURN GAS RECOVER. MAX RECOV. 
_S_M_ BCF $M % AT PR I CE,BCF G I P1BCF 

1 2 1 9 0 -691  0 0 0 
" 0 " 0 0 0 

5825 5. 785 952 20. 2  733 1 1 72 
" " 1 460 26 . 2 " " 

6729 6. 442 37B9 54 . 0  860 1 49 1  
6779 6 . 560 6796 94 . 7  9 1 8  1 7 4 0  

" " 9727 1 54 . 7  
" " 1 4 1 24 1 90. 8 

1 2 19 0 -689 0 0 0 
" 0 " 0 0 0 
" 0 " 0 0 0 

5825 5 . 785 782 2b . 2 733 1 1 72 
6729 6 . 442 2623 54 . 0  860 1 492 
b779 6 .  560 5025 94 . 7  9 1 8  1 740 

" " 7370 1 34 . 7  
" " 1 08B8 1 90. 8 

1 2 1 9  0 -687 0 0 0 
" 0 " 0 0 0 
" 0 " 0 0 0 
" 0 " 0 0 0 

65B6 6. 1 76 1 789 53. 2  769 1 224 
6 7 54 6 . 4 5 1  3791  93 . 5  864 1 496 
b779 6. 560 5tl06 1 34 . 7  9 1 8  1 740 

" " 8 7 3 1  1 90 . 8  

F G O.QDI  0 . 0003 

MAX. NO. 
PROSP . 

AT PR I CE 

0 
0 

1 27 
" 

1 33 
1 4 0  

0 
0 
0 

1 2 7  
1 33 
1 40 

0 
0 
0 
0 

1 2 5  
1 34 
140 

TECHNOLOGY !:lase 
DATE September 1 980 

WELLS 
WI LOCAT 
SUCCESS W I LDCAT DEVELOPMENT 
____..!._ Q.l:y 

0 0 
0 0 

5 5 . 9  56 
" " 

63 . 9  48 
68 . 6  44 

0 0 
0 0 
0 0 

5 5 . 9  56 
6 3 . 9  48 
68 . 6  44 

0 0 
0 0 
0 0 
0 0 

59 .0  5 1  
64. I 48 
68 . 6  44 

Prod . Q!:x_ Prod . 

0 0 0 
0 0 0 

7 1  1 1 3 453 
" " " 

85 1 42 569 
96 1 50 60 1 

0 0 0 
0 0 0 
0 0 0 

7 1  1 1 3 455 
85 1 42 569 
96 1 50 60 1 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

74 1 30 520 
86 1 43 573 
96 1 50 601  

Tota I 

0 
0 

694 
" 

845 
89 1 

0 
0 
0 

694 
845 
891 

0 
0 
0 
0 

775 
85 1 
89 1 



TABLE  1 2-2 1  

ECONOM I CS SUMMARY 
BAS I N  W i nd R i ver 
SUB BAS I N  FORMAT I ON Lance 9000 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T  K-LEVELS E & P GAS NET PRES .  UCF RATE 

GAS PR I CE PROSP . ON STREAM I NV EST .  PROD. VALUE OF RETURN GAS RECOVER. MAX RECOV . 
CASE NO . $/MCF _%_ NO. VALUE * _$_M __ � $M 'j, AT PR I CE1BCF G I P  BCF 

D i scount Rate 1 0% 
2 5022 1 1  I .  50 0 0 - 1 460 0 -827 0 0 0 

2 1  2 . 50 0 0 0 " 0 " u " " 
3 1  3 . 1 0  38 . 8  2 DE 7254 6 . 066 94 1 1 9 .  I 932 932 
4 1  3 . 50 5 5 . 9 3 OCE 1 093 1 1:! . 480 2374 30 . 6  1 1 72 1 1 72  
5 1  5 . 00 60 . 8 4 CDEF 1 1 ..184 8 . 985 5976 66. 3  1 439 1 439 

...... 6 1  7 . 00 6 5 . 3 5 CUEFG 1 1 92 1 9 . 4 59 1 0982 1 1 9 . 8  1 637 1 61:!3 
[\..) 7 1  9 . 00 68 .6 7 ABCDEFG 1 4688 1 0 . 027  1 6 3 7 1  1 74 . 8  1 6Y4 1 740 
I 8 1  1 2 . 00 " " " " " 24221:! 260 . 7  

[\..) 

Ul D i scount Rate 1 5% 
1 2  1 . 50 0 0 - 1 460 0 -823 0 0 0 
22 2 . 50 0 0 - " 0 " 0 
32 3. 1 0  0 0 - " 0 " 0 
42 3 . 50 38 . 8 2 DE 7254 6 . 066 8 1 1  2 5 . 3  " " 
52 5 . 00 5 5. 9 3 CDE 1 093 1 8. 41:!0 4 1 71:! 66 . 2  1 1 72 1 1 72 
62 7 . 00 6 5 . 3  5 CDEFG 1 1 92 1 9 . 4 59 8408 1 1 9 . 8  1 637 1 683 
72 9.00 65 . 5 6 ACDEFG 1 1 966 9 . 4 70 1 2364 1 7 5 . 9  1 642 1 688 
82 1 2 . 00 68 . 6  7 ABCUEFG 1 461;8 1 0 . 027 1 9295 260 . 7 1 694 1 740 

D i scount Rate 20% 
1 3  I .  50 0 0 1 460 0 -8 1 8  0 0 0 
23 2 . 50 0 0 - " 0 " 0 
33 3. 1 0  0 0 - " 0 " 0 
43 3 . 50 0 0 - " 0 " 0 
53 5 . 00 5 5 . 9  3 OJE 1 093 1 8 . 480 3 1 20 66 . 2  1 1 72 1 1 72 
63 7 . 00 60 . 8  4 CUEF 1 1 ..\84 8 . 985 6453 1 20 . 7 1 439 1 4 ..19 
73 9 . 00 65 . 5  6 ACUEFG 1 1 966 9 . 4 70 99&9 1 7 5 . 9  1 642 1 688 
83 1 2 .00 68 . 6  7 AlJCLJlFG 1 46tl8 1 0 . 027 1 5839 260 . 7 1694 1 740 

*CODE : A B c I) E F G 
0 . 3  0 . 1 0 . 03 0 . 0 1  O . OU..\ 0 .00 1 0 .0003 

MAX . NO. 
PROSP . 

AT PR I CE 

0 
" 

1 54 
1 31; 
1 60 
1 73 
169 

0 

1 54 
1 38 
1 7 3  

" 
169 

0 

1 38 
1 60 
1 73 
169 

TECHNOLOGY 
DATE 

W I LDCAT 

Advanced 
September 1 91:!0 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ Q!:y_ Prod . Q!:y_ Prod . 

0 0 0 0 0 " " " " " 
38 . 8  94 60 1 4 5  580 
55 . 9 6 1  77  2 1 7  866 
60 . 8  63 97 2 58 1 034 
65 . 3 60 1 1 3 286 1 1 46 
68.6 53 1 16 359 1 436 

0 0 0 0 0 

38 . 8 94 60 1 4 5  51:!0 
5 5 . 9  6 1  77  2 1 7  866 
6 5 . 3  60 1 1 3 286 1 1 46 
6 5 . 5  60 1 1 4 288 1 1 53 
68 . 6  53 1 1 6 359 1 436 

0 0 0 0 0 

5 5 . 9  6 1  7 7  2 1 7  866 
60. 8  63 97 258 1 034 
6 5 . 5  60 1 1 4 21:!8 1 1 5..1 
68 . 6 53 1 1 6 359 1 4..16 

Tota l 

0 
" 

879 
1 22 1 
1 4 52 
1 605 
1 964 

0 

879 
1 22 1  
1605 l U I S  
1 964 

0 

1 2 2 1 
1452 
1 6 1 5  
1 964 



TOTAL BAS I N  AREA ( SECT I. ONS ) :  
TYP E : Lent i cu l a r  

NGL < BBL/MMCF ) :  1 0 . 

AVERAGE PRODUCT I VE H/C GAS NET PAY 
PERM . AREA POROS I TY TH I CKNESS 

f-J <MD ) ( SECT I ONS ) ( % ) ( FT . )  
N 

I 
N 

0'1 o . 1 0  3 5 . 8 1 5  

0 . 03 24 5 . 0 24 

0 . 0 1  62 4 . 4  36 

0 . 003 92 3 . 9 56 

0 . 00 1 49 3 . 5 84 

0 . 0003 30 3 . 1 1 30 

0 . 000 1 1 1  2 . 8 200 
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TABLE 1 2-22 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  W i nd R i ver 
SUBBAS I N :  
FORMAT l ON :  La n ce 1 4000 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO fR COND . GAS 

( BC F )  ( BCF ) 

20 . 79  1 6  

229 . 2 1 7 6 

7 8 1 . 82 549 

1 598 . 96 1 0 53 

1 1 4 6 . 6  70 1 

962 . 4 5 5 1  

490 . 38 260 

5230 . 3306 

DEPTH ( FT . ) :  1 4000 
PRESSURE (P S I A ) : 7000 
TEMPERATURE ( ° F ) : 284 

FOR EACH DR I LU NG LOCAT l ON W/C : 
PROBAB I L t TY PROBAB l L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I V EN THAT 
NATURE I S  STATE OF NATURE I, S  PROD 

PRODUCT l VE 1 st W/C 2 n d  W/C 

0 . 20 1 . o 

0 . 40 1 . o  

0 . 60 1 . o  

0 . 70  1 . 0 

0 . 75  1 . o  

0 . 80 1 .  0 

0 . 80 1 . o 



TABLE  1 2-23 

W E L L  P R O D U C T I ON S U M M A R Y -- B A S E  C A S E  

W I N D  R I V E R ,  L A N C E  1 4 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  O . l  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( HO )  
Y E A R  

l 5 2 9 4 8 5  4 2 9 3 2 2  2 6 2  1 9 2  1 6 0  

2 
I-' 

1 5 8 2 1 1  2 1 3 1 6 6 1 3 6  1 0 2  8 4  
1'..) 

I 
1'..) 
.....:J 5 2 9  6 9  9 4  9 2  7 8  5 7  4 8  

1 0  6 2 3  4 3  5 7  5 3  3 9  3 4  

1 5  2 1 0  2 5  3 9  4 1  3 2  2 6  

2 0  1 6 1 5  3 0  3 3  2 7  2 4  

3 0  0 2 8 1 9  2 5  2 3  1 9  

3 0 - Y E A R 
C U I'! M . 
P R O D . 9 2 9  1 3 2 0  16  7 9  1 7 8 9  1 6 70 1 2 8 9  1 0 9 0  

C M M C F ) 



TABLE 1 2-24 

� E L L P R O D U C T I O N S U M M A R Y- - A D V A NC E D  C A S E 

W I N D  R I V E R ,  L A N C E 1 4 0 0 0  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  o . o 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . oo o o 1  C MD )  
Y E A R  

1 5 2 9  5 6 5  5 1 9  4 0 7  3 8 6  3 2 4  2 6 6  

1-' 2 5 0 1 8 5 2 5 7 2 0 0 1 7 4  1 4 0  1 1 5  
N 

I 
N 
(X) 

5 6 4 4  1 1 3  9 6  8 6  7 1  6 6  

1 0  1 1 2  5 2  5 2 5 0  4 5  4 4  

1 5  0 � 3 1 3 2  3 3  3 1  3 4  .; 

2 0  0 3 1 9  2 2  2 4  2 3  2 6  

3 0  0 1 1 0  1 2  1 4  1 5  2 0  

3 0 - Y F. A R 
C U M M . 
P f< O D . 6 4 0  1 1 3 0 2 0 3 0  1 7 9 9  1 7 1 9 1 5 09 1 4 5 0 

( M M C F ) 



I-' 
N 
I 

N 
� 

BASE CASE 
NUMBER OF NUMBE R OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUAL LY USED 
( MD )  ALL GAS [ MAX=4 1 

• 1 5 . 899 4 

. 03 5 . 409 4 

• 0 1  5 . 28 9 4 

. 003 6 . 4 1 1 4 

. 0 0 1  8 . 63 5 4 

. 0003 1 4 . 236 4 

• 000 1 2 1 . 587 4 

* Econom i c  Summary 3306 ( error i n  WDF )  

TABLE 1 2-25 

PRODUCT I ON WE LL REYU I REMENTS 

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lance 1 4000 

ADVANCED CASE 
RECOVERABLE NUMBER OF  NUMBER OF RECOVERABLE 

GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
ACTUAL WELLS RE(JD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 

< BCF ) ALL GAS [ MAX= 1 2 1  ( BCF ) 

1 1  8 . 562 8 . 562 1 6  

1 30 6 . 3 1 8  6 . 3 1 8  1 76 

4 1 7  4 . 374 4 . 374  549 

653 6 . 3 76 6 . 376 1 053 

322 8 . 388 8 . 388 70 1 

1 54 1 2 .  1 6  1 2  • 544 

49 1 6 . 227  1 2 .  1 92 

1 736 323 1 * 



I-' 
N 

I 
w 
0 

TABLE 1 2-26 

I NV E STMENT AND OPERAT I NG EXPENS E S  

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lance 1 4000 

Geo l ogy and Geop h ys i cs ( $/Pr os pect ) 

D r  i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Ca se I 1 000 Ft . Fracture ) 
Adva n c ed Ca s e  1 2000/4000 Ft . Fracture ) 

Sur face Eq u i pment ( $/We l l )  

An n ua l Operat i ng E x pe n se ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of  Cost to 

W . l .  Gas Revenue 

20 , 000 

1 , 467 , 000 

1 1 5 , 000 
3 7 1 , 000 

500 , 000 
- 1 , 93 2 , 000  

4 5 , 000 

1 0 , 000  

. 029 1 



BAS I N  W i n d R i ver 
SUB BAS I N 

PROF I T K-LEVELS 
GAS PR I CE PROSP . ON STREAM 

CASE NO . $/MCF _ %_ NO . VALUE * 

D i scount Rate 10% 
2 503 1 1 1  1 . 50 0 0 -

2 1  2 . 50 0 0 
3 1  3. 1 0  1 6 . 3  1 D 
4 1  3 . 50 4 3 . 3  2 DE 
5 1  5 .00 57 . 4 5 BCDEF 
6 1  7 . 00 64 . 9  6 BCOEFG 
7 1 9. 00 69 . 0 7 BCDE FGH 

I-' 8 1  1 2 . 00 
N 

I D i scou n t  Rate 1 5% 
w 1 2  1 .  50 0 0 -....... 22 2 . 50 0 0 -

52 3 . 1 0 0 0 -
42 5 . 50 0 0 -
52 5 . 00 43. 5 5 CUE 
62 7 .00 5 7 . 4  5 l:lCUEF 
72 9. 00 64 . 9  6 BCDEFG 
82 1 2 .00 69 . 0 7 OCUEFGH 

D i scount Rate 20% 
1 3  1 . 50 0 0 -
23 2 . 50 0 0 -
35 3. 1 0  0 0 -
43 3 . 50 0 0 -
53 5 .00 43 . 5  3 WE 
65 7 . 00 5 7 . 4  5 BCDEF 
75 9 . 00 " " " 
B3 1 2 .00 69 .0  7 BCDEFGH 

*CODE : A B c u E 
0 . 3  0 . 1 0 .03 0 . 0 1  0 .005 

TABLE  1 2-27 

ECONOM I CS SUMMARY 

FORMAT I ON Lane" 1 4000 

AVtRAGE PER PROSPECT BAS I N  TOTALS 
E & p GAS NE T PRE S .  DCF RATE 

I NV EST. PROD . VALUE OF RETURN GAS RECOV E R .  MI\X RECOV . 
_$_M _ � $M % AT PR I CE,BCF G I P,BCF 

1 829 0 - 1 027 0 0 0 " 0 " 0 0 0 
3tl 1 5  2 . 068 -4 52 4 .  1 0 0 
6 1 9 1  4 . 89 1  546 1 4 . 7  1 070 1602 
7569 6.481  27 1 9  3 1 . 5  1 533 2495 
7939 6 . 862 5520 55 . 4 1687 3046 
8033 6 . 972 1 2392 1 20 . 5  1 736 3306 

1 !!29  0 - 1 022 0 0 0 " 0 " 0 0 0 " 0 " 0 0 0 " 0 " 0 0 0 
6 1 95 4 .895  1 2 1 2 29 . 7  1 200 1 778 
7 569 6 .48 1  3568 55. 2 1 533 2495 
7939 6 . 862 5803 8 1 . 0  1 687 3046 
8033 6 . 972 904!! 1 20 . 5 1 736 3306 

1 829 0 - 1 0 1 6  u 0 0 " 0 " 0 0 0 " 0 " 0 0 0 " 0 " 0 0 0 
6 1 9 5  4 .895 647 29 . 7  1 200 1 7 78 
75b9 6 . 48 1  2498 55 . 2 1 535 2495 " " 4 1 25 80 . 3 " " 
8053 6 . 972 b938 1 20 . 5 1 756 330b 

F (.; 
0 . 00 1 U . OUU5 

MI\X . NO. 
PROSP . 

AT PR I CE 

0 
0 
0 

2 1 9  
237 
246 
249 

0 
0 
0 
0 

245 
237 
246 
249 

0 
0 
0 
0 

245 
257 " 
249 

TECHNOLOGY 
DATE 

W I UJCAT 

Base 
September 1 9!!0 

WELLS 

SUCCESS W I UJCAT DEVE LOPMENT 

_%_ Q.!:y Prod . Q.!:.y_ Prod . 

0 0 0 0 0 
0 0 0 0 0 

1 6 . 3  0 0 0 0 
43 . 3  1 24 95 1 1 7 467 
57 .4 1 0 1  1 36 1 64 65b 
64 . 9  86 1 60 180 7 1 9  
69 .0  77  1 72 1!!5 738 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

43 . 5 1 39 1 07 1 3 1  524 
5 7 . 4  1 0 1  1 36 164 656 
6 4 . 9  86 160 1 80 7 1 9  
69 . 0  77 1 72 1 8 5  738 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

4 3 . 5  1 39 107  1 3 1 524 
57 . 4  1 0 1  1 3b 1 64 656 " " " " " 
69.0 77 1 72 185  758 

Tota I 

0 0 
0 

!!03 
105G 1 1 4 5  
1 1 7 1  

0 
0 0 
0 

900 
105b 
1 1 4 5  
1 1 7 1  

0 
0 
0 
0 

900 
105b " 
1 1 7 1  



TABL E  

ECONOM I CS 
tlAS I N  W i nd R i ver 
SUO BAS I N  FORMAT I ON Lance 1 4000 

AVERAGE PER PROSPECT 
PROF I T  K-LEVELS E & P GAS NET PRES .  OCF RATE 

GAS PR I CE PROSP. ON STREAM I NVEST . PROU . VALUE OF RETURN 
CASE NO. $/MCF _% _  NO . VALUE *· _S_M_ BCF SM % 
D i scount Rate 1 0% 
25032 1 1  I .  50 0 0 - 2308 0 1 29!! 0 

2 1  2 . 50 0 0 - " 0 " 0 
3 1  3 . 1 0 1 6 . 3  1 D 4597 2 . 49 1  -543 4 . 1  
4 1  5 . 50 " " " " " -505 6 . 6  
5 1  5 .00 57 . 2  4 COEF 1 3842 9 . 8 1 3  4259 32 .6  
6 1  7 . 00 5 7 . 4  5 BCUEF 1 386 1 9 . 8 1 9  8559 60 . 9 

I-' 7 1  9. 00 64 . 9  6 BCDEFG 1 62!! 1 1 0 . 966 1 39 1 9  8!!. 1 
N 8 1  1 2 .00 69 .0 7 BCDEFGH 1 7335 1 1 . 475 2 1 662 1 35 . 6  
I 

w D i scount Rate 1 5% 
N 1 2  1 . 50 0 0 - 2308 0 - 1 2!!7 0 

22 2 . 50 0 0 - " " " " 

32 3 . 1 0  0 0 - " " " " 

42 3. 50 1 6 . 3  I 0 4597 2 . 49 1  -605 b.6 
52 5. 00 4 3 . 3  3 COE 9429 6. 684 1 8 1 1 3 1 . 7  
62 7 . 00 57 . 2 4 CUEF 1 3842 9 . 8 1 3  5899 60 . !!  
72 9.00 5 7 . 4  5 BCOEF 1 3861 9 . 8 1 9  9289 92 .0  
82 1 2 .00 69 .0 7 BCDEFGH 1 7335 1 1 .475 1 5981 1 35 . 6 

D i scount Rate 20% 
1 5  1 .  50 0 0 - 2308 0 - 1 276 0 
23 2 . 50 0 0 - " " " " 

55 5 . 1 0  0 0 - " " " " 

43 5 . 50 0 0 - " " " " 

53 5 .00 1 6 . 3  1 0 4597 2 . 49 1  - 1 9!! lb . 5 
65 7 . 00 5 7 . 2  4 COEF 1 5!!42 9 . 8 1 3  4209 60 . 8 
75 9 .00 5 1 . 4  5 BCOEF 1 5!!61  9 . 8 1 9  699U n . o  
83 1 2 . 00 64 . 9  6 BCUEFG 1 6281  1 0 . 966 1 2076 1 38 . 4  

*CODE : A l:l c D E F G 
0 . 3  0 . 1 0.03 0 . 0 1  0 .003 0 . 00 1  0 . 0003 

1 2-28 

SUMMARY 

BAS I N  TOTALS 
MAX . NO . 

GAS RECOVER. MAX RECOV.  PROSP . 
AT PR I CE1ElCF G I P1BCF AT PR I CE 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

2479 2479 253 
2495 2495 254 
3046 3046 278 
3306 3306 288 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

1 7 78 1 778 266 
2479 2479 253 
2495 2495 254 
3306 3306 288 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

2479 2479 2S3 
2495 2495 254 
5046 3046 27!!  

TECHNOLOGY 
DATE 

W I LDCAT 

Advanced 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ Q.!:.y_ � Q!:y_ Prod . 

0 0 0 0 0 
0 0 0 0 0 

1 6 . 3  0 0 0 0 
" 0 0 0 0 

5 7 . 2  1 08 1 4 5  285 1 1 40 
5 7 . 4  " 1 46 287 1 149 
64 . 9  97 1 !!0 358 1 4 3 1  
69. 0 89 199 389 1 555 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

4 3 . 3  1 5 1  1 1 5 1 98 791  
5 7 . 2  1 08 1 4 5  285 1 1 40 
5 7 . 4  " 1 46 287 1 1 49 
69 .0  89 199 3!!9 1 5 55 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

1 6 . 3  0 0 0 0 
5 7 . 2  108 1 4 5  28 5 1 1 40 
5 7 . 4  " 1 46 287 1 1 49 
64 . 9  97 11:10 35!! 1 4 3 1  

Tota I 

0 
0 
0 
0 

1 678 
169 1 
2066 
225 1 

0 
0 
0 
0 

1 255 
167tl 
169 1  
223 1 

0 0 
0 
0 
0 

167!! 
169 1  
2066 



I-' 
N 
I 

w 
w 

TOTAL BAS I N  AREA ( SECT I ONS ) :  
TYPE : Lent i c u l a r  

NGL C  BBL/MMCF )  : 1 0 .  

AVERAGE PRODUCT I V E 
PERM .  AREA 
CMD ) ( SECT I ONS ) 

0 . 03 8 

0 . 0 1  38 

0 . 003 86 

0 . 0 0 1  84 

0 . 0003 4 1  

0 . 000 1 1 4  
--

270 

H/C GAS 
POROS I TY 

C % ) 

5 . 0  

4 . 4  

3 . 9 

3 . 5 

3 .  1 

2 . 8 

NET PAY 
TH I CKNESS 

C FT . )  

24 

36 

48 

60 

80 

1 0 0  

TABLE 1 2-29 

GEOLOG l CAL DATA SUMMARY 

BAS I N : W i nd R i ver 
SUBBAS I N : 
FORMAT I ON :  Mesaverde 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

C BC F )  C BCF ) 

7 7 . 52 6 1  

486 . 02 338 

1 299 . 46 857 

1 424 . 64 866 

820 . 82 4 58 

3 1 6 . 54 1 64 
-

4425 . 2744 

DEPTH ( FT . ) : 1 5 I 000 
PRESSURE CPS I A ) : 7 500  
TEMPERATURE ( ° F ) : 300 

FOR EACH DR I LU NG LOCAT I ON W/C : 
PROBAB I. U TY PROBAB l L t TY THAT W/C I S  

THAT STATE OF PRODUCT t V E ,  G l VEN  THAT 
NATURE I S  STATE O F  NATURE l S  PROD 

PRODUCT l VE 1 st W/C 2nd  W/C 

0 . 20 1 . 0 

0 . 3 5  1 .  0 

0 . 50 1 . o  

0 . 60 1 . 0 

0 . 70 1 . o  

0 . 7 5  1 .  0 



TABLE  1 2-30 

� E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

W I N D R I V E R , M E S A  V E R D E 1 5 0 0 0  

G A S  P R O D U C T I O N  ' " " C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ' "0 )  
Y f A R  

1 5 0 5  4 2 0 2 8 9  2 0 3  1 3 3  8 9  

1-' 2 2 1 6  2 0 9 1 49 1 0 5  69  4 8  
N 

I 

w 
*"' 

5 6 9  9 5  8 2  6 0  3 9  2 7  

1 0  2 3  4 4  5 1  4 0  2 6  1 8  

1 5  1 0  2 6  3 5  3 0  2 2  1 5  

2 0  5 1 6  2 7  2 6  1 9  1 3  

3 0  2 8 · 1 7  1 7  1 5  1 0  

3 0 - Y E A R 
C U M M . 
P R O D . 1 3 4 0  1 6 7 0  1 5 9 0  1 2 8 0  8 9 0 6 0 9  

( M M C F ) 



TABLE  1 2-3 1  

W E L L  P R O D U C T I O N S U M M A R Y- - A D V A N C E D  C A S E  

w i N D R I V E R, M E S A  V E R D E  1 5 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1 0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C MD )  Y E A R  

1 6 0 7  5 0 8 3 8 0  2 6 6  2 00 1 4 2  

1-' 2 1 8 8 2 5 3  1 8 6  1 3 2  9 1  6 1  
N 

I 
w 

Ul 5 4 1  1 1 5  8 9  7 2  5 1  3 5  
� 

1 0 1 0  5 3  46  4 1  3 4  2 3  

1 5  4 3 1  2 8  3 1 2 4  1 8  

2 0  2 2 0  1 9  2 5  2 0  1 4  

3 0  1 1 0  1 0  1 5  1 3  1 0  

3 0- Y E A R  
C U P'I M . 
P R O D . 1 1 4 9 2 0 1 9  1 6 1 9  1 4 3 9  1 0 79 7 6 9  

( M M C F ) 



TAB L E  1 2-32 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N :  W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON : Mesa V erde 

BASE CASE ADVANCEIJ CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS ! MAX=4 1 ( BCF ) ALL GAS ! MAX= I 2 1  ( BCF ) 

1-' 
N 

I . 03 5 . 38 1  4 46 6 . 27 5 6 . 27 5  6 1  
w 

0'\ 

. 0 1  5 . 3 59 4 254 4 . 433 4 . 433 338 

. 003 6 . 239 4 548 6. 1 27 6 . 1 27 857  

. 00 1 8 .  1 1 7 4 424 7 . 220 7 . 220 866 

. 0003 1 2 . 798 4 1 42 1 0 . 556 1 0 . 5 56 458 

. 000 1 1 9 . 4 9 1  4 33 1 5 . 436 1 2 .  1 26 

1 447 2706 



I-' 
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I 

w 
-.....] 

TABLE  1 2-33 

I NV E STMENT AND OPERAT I NG EXP ENSES  

BAS I N : �v i n d  R i ver 
SUB-BAS I N : 
FORMAT I ON :  Mesa  Verde  

Geo l ogy a nd Geop hys i cs ( $/Pr os pect ) 

Dr i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base  Case [ 1 000 Ft . Fractu r e )  
Ad va n c ed C a s e  [ 2000/4000 Ft . Fra ctur e ]  

S u r face E q u i pment ( $/We I I ) 

A n n ua l Operat i ng Expense ( $/We i I )  

Compres so r  Fue l Cost ,  Rat i o  of  Cost to 

W .  1 .  Gas Revenue  

20 , 000 

2 , 84 6 , 000 

963 , 000  - 2 , 608 , 000 
1 , 92 5 , 000 - 5 , 303 , 000 

4 5 , 000 

1 0 , 000  

. 029 1 



TABL E  1 2-34 

ECONOM I CS  SUMMARY 
BAS I N  W i nd R i ve r  TECHNOLOGY Base 

SUB BAS I N  FORMAT I ON Mes0 Ve rde 1 5000 ' DATE June 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . DCF RATE MAX NO . W I LDCAT 

GAS PR I CE PROS P .  O N  STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . �/MCF __ %_ NO.  VALUE * .J.!L_ ....!!.fL �M :& AT PR I C E,BCF G I P,BC F  A T  PR I C E  % Q.!!Y. �. Q.!!Y. PROD . TOTAL 

D i scoun t Ra te 1 �/. 
1 1 04 1 I I  I .  50 0 0 - 4295 0 -24 1 4  0 

2 1  2 . 50  0 0 - " 0 -24 1 4 0 
3 1  3 . 1 0  0 0 - " 0 -24 1 4  0 
4 1 3 . 50 0 0 - " 0 -24 1 4  0 
5 1  5 . 00 0 0 - " 0 -24 1 4  0 
6 1 7 . 00 0 0 - " 0 -24 1 4 0 
7 1  9 . 00 5. I 1 D 5393 0 - 1 8 73 0 
8 1  1 2 . 00 20 . 9  3 CDE 9270 f&. · 260 56 1 1 2 . 5 724 1 256 320 20 . 9 253  67  83  33 1  734 

D i scoun t Rate 12r. 
1-' 1 2  I .  50 0 0 - 4295 0 - 2 384 0 
N 22 2 . 50 0 0 - " 0 -2384 0 
I 3 2  3 . 1 0  0 0 - " 0 -2 384 0 

w 42 3 . 50 0 0 - " 0 -2384 0 00 
5 2  5 . 00 0 0 - " 0 -2384 0 
6 2 7 . 00 0 0 - " 0 -2 384 0 
72 9 . 00 5 .  I 1 D 5393 0 - 2003 0 
82 1 2 . 00 2 0 . 9  3 CDE 9270 2 . 260 - 389 1 2 . 5  

D i scount  Rate 2�/. 
1 3  1 .  50  0 0 - 4295 0 -2384 0 
23 2 . 50 0 0 - " 0 -2384 0 
33  3 .  1 0  0 0 - " 0 -2384 0 
43 3 . 50 0 0 - " 0 -2384 0 
53  5 . 00 0 0 - " 0 - 2384 0 
63 7 . 00 0 0 - " 0 -2384 0 
73  9 .  00 0 0 - " 0 - 2 )84 0 
83 1 2 . 00 5 .  I 1 D 5 393 0 - 1 854 0 

* COD E :  C D E F G H 
0 . 03 0 . 0 1 0 . 003 0 . 00 1  0 . 0003 0 . 000 1  



1-' 
I\.) 
I 

w 
1.0 

BAS I N  W i n d  R i ve r  

SUB BAS I N  

GAS PR I CE 
CASE NO . VMCF 

D i scoun t Rate 1 ifk 
1 1 042 1 1  1 .  so 

2 1 2 . 5 0  
3 1  3 . 1 0  
4 1  3 . 5 0  
5 1  5 . 00 
6 1 7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Rate I� 
1 2  1 .  50 
22 2 . 50 
32  3 . 1 0  
42 3 . 50 
5 2  5 . 00 
62  7 . 00 
7 2  9 . 00 
82 1 2 . 00 

D i scount Ra te 2ifk 
1 3  1 .  5 0  
2 3  2 . 50 
33  3 .  1 0  
43 3 . 50 
53  5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : 

PROF I T . 
PROSP . 
__ %_ 

0 " " 

4 . 0  
2 0 . 9  

c 
0 . 03 

0 

" 
5 .  I 

0 

4 . 0  

0 
0 . 0 1  

TABL E  

ECONOM I CS 

FORMAT I ON �esa �ecde 150001 
AVERAGE PER PROSPECT 

K -LEVELS E & P GAS NET PRE S . DCF RATE 
ON STREAM I NVEST . PROD . VALUE OF RETURN 
NO. VALUE * __itL_ � �M Xl 

0 " " 

1 
3 

0 

" 
2 

0 

1 

0 " " 

0 
COE 

0 

, ,  
c o  

0 

D 

E 
0 . 003 

F 
0 . 00 1  

5565 " " 

6660 
1 5 1 59 

5565 

7 1 2 3  

5565 

6660 

G 
0 . 0003 

0 " " 

" 
3 . 1 74 

0 

0 

0 

0 

H 
0 . 000 1 

- 3 1 33 0 " " " . .. 

- 26 1 6  " 
1 053  1 3 . 6  

- 3087 0 

-2328 0 

- 3042 0 

-2 575 0 

1 2-35 

SUMMABY 
TECHNOLOGY 8d�llo,s;:d 
DATE J une 1980 

BAS I N  TOTALS WELLS 
MAX NO .  W I LDCAT 

GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
AT PR I CE,BCF G I P,BCF AT PR I CE % DRY PROD . � PROD . TOTAL 

0 0 0 0 0 0 0 0 0 

" " " 4 . 0  
1 256 1 256 396 2 0 . 9  3 1 3  83 1 58 6 3 1  1 1 85 

0 0 0 0 0 0 0 0 0 

0 0 0 5 . 1  0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 4 . 0  0 0 0 0 0 



f-J 
IV 

I 
.1:>-
0 

TOTAL BAS I N  AREA ( SECT I ONS ) :  
TYPE : Lent i cu l a r  

NGL ( BBL/MMCF ) :  1 0 .  

AVERAGE PRODUCT I V E 
PERM . AREA 
C MD )  ( SECT I ONS ) 

0 . 3 3 

o .  1 22 

0 . 03 65 

0 . 0 1  92 

0 . 003 54 

0 . 00 1  22 

0 . 0003 1 4  
-

270 

H/C GAS 
PORO S I TY 

�) 
* 

NET PAY 
TH I. CKNESS 

( FT . ) 

* 

TABLE 1 2- 36 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  W i nd R i ver 
SUBBAS I N : 
FORMAT I ON :  Lower Ft . U n i on + 

Lance 9000 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

C BCF ) C BCF ) 

33 . 84 30 

27 1 . 38 252 

1 04 1 . 3 5  886 

1 84 4 . 89 1 479 

1 4 72 . 4 5  1 1 0 1  

802 . 78 576  

7 5 1  . 46 476 

62 1 8 . 4800 

* Ref e r  to i nd i v i d ua l format i ons for these data . 

DEPTH C FT . ) :  * 

PRESSURE (P S L A ) : * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I L U NG LOCAT I ON W/C : 
PROBAB I. L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G L VEN THAT 
NATURE I S  STATE O F  NATURE L S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

* * * 



K • 0 . 3  0 . 1  
Y E A R  

1 7 3 1  8 1 3  

2 2 4 4  2 8 3  
...... 
N 
I 

.!::> 
5 7 9  8 8  ...... 

1 0  3 5  3 8  

1 5  2 1  2 3  

2 0  1 5  1 6  

3 0  9 q 

3 0 -Y E A R 
C U M � . 
P R O D . 1 8 8 0  2 0 9 0  

( f'i M C F ) 

TABL E  1 2 -37 

� E L L  P R OD UC T I O N S U M M A R Y - -B A S E  C A S E 

W I N D R I V E R , L O W E R  F O R T  U N I O N + L A N C E  9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

7 7 6  7 2 8  7 1 2  6 8 9  6 6 9  

3 3 6 3 3 0  3 2 3  3 1 2  3 0 4  

1 2 7  1 4 6 1 4 9  1 4 4  1 3 8 

5 5  7 3  8 2  8 4  8 1  

3 2  4 7  5 9  6 1  5 8  

2 1  3 3  4 4  4 9  4 7  

1 1  1 9  2 9  3 4  3 5  

2 4 8 9  2 8 1 0  3 0 6 9  3 0 6 9  2 9 8 0 

0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 00 0 1  C MD )  



TABLE  1 2-38 

W f L L  P R O D U C T I O� S U M M A R Y- - A D V A N C E D  C A S E  

W I N D R I V E R , L O W E R  F O R T  U N I O N + L A N C E 9 0 0 0  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  o . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 8 2 2  8 0 9 9 6 7  9 0 1  9 3 0  8 8 4 8 9 9 

2 2 7 1  2 5 3 3 8 6 4 1 5  4 1 8 4 0 8  4 0 2  

I-' 
N 
I 5 

� 
1 0 5  1 0 3  1 3 7 1 7 3 1 8 3  1 9 4  1 9 1  

N 

1 0  5 1  5 1  6 1  8 0  9 0  1 0 9 1 0 7  

1 5  3 1  3 1  3 5  4 8  5 5  7 2  7 5 

2 0  2 1  2 1  2 4  3 1  3 7  5 3  5 3  

3 0  1 2  1 2  1 3  1 7 2 0  3 2  3 5  

3 0- Y E: A R 
C U t--: f-1 .  
P R O D . 2 3 1 9 2 2 6 9  2 8 7 0 3 2  5 0  3 4 6 9 3 8 1 9  3 8 4 0  

< M M C F ) 



TABLE  1 2-39 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lower Ft . U n i on + Lance 9000 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 l < BCF ) ALL GAS [ MAX= I 2 1  < BCF ) 

f-' N I 
. 3  5 . 9 1  4 20 4 . 79 4 . 7 9  30 """ 

w 

• 1 5 . 58 4 1 8 1 5 .  1 3  5 .  1 3  252  

. 03 5 . 49 4 645 4 .  7 7  4 .  7 7  886 

. 0 1  5 . 73 4 1 033 4 . 96 4 . 96 1 479  

. 003 6 . 63 4 664 5 . 8 7  5 . 87 1 1 0 1  

. 0 0 1  8 . 68 4 265 6 . 99 6 . 99 576  

. 0003 1 1 . 82 4 1 6 1  9 . 1 8  9 . 1 8  476  

2969 4800 



I-' 
N 

I 
� 

� 

TABLE 1 2-40 

I NV ESTMENT AND OPERAT I NG EXPENSES 

8AS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lower Ft . U n i o n + Lan ce 9000 

Geo l oyy a n d  Geop hy s i cs ( $/Pr os pect ) 20 , 000 

Dr i I I i ng  Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 F t .  Fractur e ) 
Ad vanced Case  [ 2000/4000 Ft . Fracture ) 

Surface  Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost ,  Rat i o  of Cost to 

W .  1 .  Gas  Revenue 

8 1 0 , 222  

36 5 , 000 - 1 , 1 39 , 000 
73 1 , 000 - 2 , 1 28 , 000 

4 5 , 000 

1 0 , 000 

. 029 1 



TABLE  1 2-41 

BAS I N  W i nd R i ver 
ECONOM I CS SUMMARY 

TECHNOL()(;Y l:lase 
SUI:l BAS I N  FORMAT I ON Lower Ft .Un i on + Lance 9000 DATE September 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T  K-LEVELS E & P GAS NET PRES .  DC F  RATE MAX. NO. W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER. MAX RECOV. PROSP. SUCCESS W I LUCAT DEVELOPMENT 
CASE NO . $/MCF _%_ NO. VALUE * _$_M_ BCF $M % AT PR I CE1BCF G I P1BCF AT PR I CE _'f,_ Q!:y_ Prod . Q!:.y_ P rod. Tot a I 

D i scount Rate I O'j, 
2505 1 1 1  1 . 50 39 . 2 2 DE 3561 5 .  744 -L3 9 . 6  0 0 0 39 . 2 0 0 0 0 0 

2 1  2 . 50 64 .0 5 BCDEF 5 1 25 9 . 1 37 2444 4 3 . 7  27tl9 4294 305 64 . 0  1 1 0 1 9 5  1 8 1  72 5 1 2 1 2  
3 1  3. 1 0  69 . 0  7 ABCDEFG 5 1 49 9. 349 3754 65 . 5  29 7 1  4800 3 1 8  69.0  99 2 1 9  189 758 1 265 
4 1  3 . 50 " " " " " 4 565 7 5 . 3  
5 1  5 .00 " " " " " 7607 1 1 1:! . 4  I'-' 6 1  7 . 00 " " " " " 1 1 662 1 70 . 2  1\,) 7 1  <J . OO " " " " " 1 5 7 1 8  2 1 6 . 2  

I 8 1  1 2 . 00 " " " " " 2 1 802 276 . 6  
,j::. 
U1 

D i scocnt Rate 1 5� 
1 2  1 . 50 0 0 1 446 0 -8 1 8  0 0 0 0 0 0 0 0 0 0 
22 2 . 50 64 . 0  5 BCLJEF 5 1 25 9 . 1 37 1 6 1 5  4 5 . 7  2789 4294 305 64 .0 1 1 0 195  1 8 1  725 1 2 1 2  
52 3. 1 0  69 . 0  7 ABCOEFG 5 1 49 9 . 349 26 5 1  b3 . 3  29 7 1  4800 3 1 8 69.0  99 2 1 9 1 89 758 1 265 
42 3 . 50 " " " " " 3292 7 5 . 3  
52 5 . 00 " " " " " 56'16 1 1 tl . 4  
62 7 . 00 " " " " " 8902 1 7 0 . 2  
72 9 .00 " " " " " 1 2 1 07 2 1 6 . 2  
82 1 2 .00 " " " " " 1 6 9 1 5  276 . 6  

D i scount Rate 20% 
1 3  1 . 50 0 0 1 446 0 -8 1 4  0 0 0 0 0 0 0 0 0 0 
23 2 . 50 59 .  1 4 BCLJE 5039 8 .803 1006 42 .0  2524 37 1 8  287 59 . 1  1 1 7 169  l b 7  669 1 1 25 
33 3. 1 0  64 . 0  5 BCOEF 5 1 25 9 . 1 37 1 8 56 6 1 . 2  £789 4294 305 64 . 0 1 1 0 1 95 l tl l  725 1 2 \ L  
43 3 . 50 69.0  7 AtlCDEFG 5 1 49 9 . 349 2464 7 5 . 5  29 7 1  4800 3 1 8  69 .0 99 2 1 9  ltl9 758 1 265 
53 5 . 00 " " " " " 4443 1 1 tl . 4 
63 7 . 00 " " " " " 7082 1 70 . 2  
73 9. 00 " " " " " 97L I 2 1 6 . L 
83 1 2 . 00 " " " " " 1 3679 276 . () 

*CODE : A B c u E F G 
0 . 3 u .  1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  o . uoo3 



I-' 
(\..) 
I 

� 

0'1 

BAS I N  W i nd R i ver 

SUB BAS I N  

GAS PR I CE 
CASE NO. VHCF 

D i scount  Rate  l ifk 
250521 1  1 .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun c Ra te l�k 
1 2  1 .  50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72  9 . 00 
82  1 2 . 00 

D i scount Rate 2ifk 
1 3  
23  
3 3  
43 
53  
6 3  
73 
83 

* CODE : A 
0 .  

I .  5 0  
2 . 50 
3 . I D  
3 . 50 
5 . 00 
7 . 0D 
9 . 00 

1 2 . 00 

B 
0 . I 

PROF I T . 
PROSP . 
_%_ 

0 
64 . 
69 . 0  

" 

" 

" 

" 

" 

0 
59.  1 
64 . 0  
69 . 0 

" 

" 

" 

" 

0 
56 . 3  
64 . D 

" 

6 9 . 0  
" 

" 

" 

c D 
0 . 03 0 0 1  

TABL E  1 2-42 

ECONOM I CS SUI1MARY 

FORMAT I ON I m�ec Et lie icc + I a a eli: 9000 • 
AVERAGE PER PROSPECT BAS I N  TOTALS 

K-LEVELS E & p 
ON STREAM I NVEST . 
NO.  VALUE * . w.__ 
0 -

6 ABCOEF 
7 ABCDEFG 
" " 

" " 

" " 

" " 

" " 

0 -

4 BCDE 
6 ABCDEF 
7 ABCDEFG 
" " 

" " 

" " 

" " 

0 -

3 CDE 
6 ABCDEF 
" " 

7 ABCDEFG 
" " 

" " 

" " 

E 
0 . 003 

F 
0 . 00 1  

1 89 1  
9587 

1 0055 
" 

" 

" 

" 

" 

1 89 1  
9 1 0 3  
9587 

1 0055 
" 

" 

" 

" 

1 89 1  
8784 
9587 

" 

1 0055 
" 

" 

" 

G 
0 . 0003 

GAS 
PROD . 
....!!.f£_ 

0 
1 3 . 94 1  
1 � ; 556 

" 

" 

" 

" 

0 
1 3 .1 64 
1 3 .94 1 
1 4 .556 

" 

" 

" 

" 

0 
1 2 .]2 3 
1 3 .94 1  

" 

1 4 .556 
" 

" 

" 

NET PRE S .  D C F  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV . 
�M % AT PR I CE,BCF G I P  BCF  

- 1 073 0 0 0 
4093 46 . 6  4324 4 324 
644 1  68 . 3 4800 4800 
7884 83 . 1 

1 3295  1 3 7 . 8 
205 1 0  205 . 2  
27725 265 . 3 
38548 344 . 0  

- 1 065 0 0 0 
2573 4 5 . 5 37 1 8  3 7 1 8  
4407 67 . 6  4324 4324 
5765 83 .  1 4800 4800 

1 0089 1 37 . 8 
1 5853 205 . 2  
2 1 6 1 7  265 . 3 
30264 344 . 0  

- 1 056 0 0 0 
1 668 44 . 8  3466 3466 
3244 67 . 6  4324 4 324 
4 1 53 8 1 . 8  " " 

7928 1 37 . 8  4800 48DO 
1 2695 205 . 2  
1 7462 265 . 3  
246 1 3  344 . 0  

fECHNOLOGY Advanced 

DATE Sept�mMf� 

WELLS 
MAX NO . W I LDCAT 
PROSP . SUCCESS  W I LDCAT DEVELOPMENT 

AT PR I CE % DRY �. DRY PROD . TOTAL 

0 0 0 0 0 0 0 
3 1 0  64 . 0 1 1 2  1 99 290 1 1 6 1  1 762 
330 69 . 0  1 02 228 3 1 9  1 275 1 924 

0 0 0 0 0 0 0 
283 59 . 1  1 1 6 1 67 253 1 0 1 0  1 546 
3 1 0  64 . 0 1 1 2 1 99 290 1 1 6 1  1 762 
3 30 69 . 0  1 02 228 3 1 9  1 275 1 924 

0 0 0 0 0 0 0 
273 56 . 3  1 1 9 1 54 2 33  930 1 4 36 
3 1 D  64 . 0 1 1 2 1 99 290 1 1 6 1  1 762 

" " " " " " " 

330 69 . 0  1 02 228 3 1 9  1 275 1 924 



1--' 
N 

I 
of:>, 
-....) 

TOTAL BAS I N  AREA ( S ECT I ONS ) : 
TYPE : Lent i cu l a r  

NGL ( BBL/MMC F ) : 1 0 . 

AVERAGE PRODUCT I VE 
PERM . AREA 
(MD ) ( S ECT I ONS ) 

0 . 03 5 

0 . 0 1  25 

0 . 003 58 

0 . 00 1  56 

0 . 0003 27 

0 . 000 1 9 

180  

H/C GAS 
POROS I TY 

( % ) 

* 

NET PAY 
TH I CKNESS 

( FT . )  

* 

TABLE 1 2-43 

GEOLOG I CAL DATA SUMMARY 

BAS I N : W i nd R i ver 
SUBBAS I N : 
FORMAT I ON :  Lance 1 4000 + 

Mesaverde 1 5000 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

< BCF ) ( BCF ) 

1 34 . 7 1  1 06 

769 . 29 535 

1 936 . 30 1 277  

2074 . 45 1 26 1  

1 1 8 1  . 49 636 

422 . 70 2 1 9  

6 5 1 9 .  4034 

* Refer  to i nd i v i d ua l format i ons for these data . 

DEPTH ( FT . ) :  * 
PRESSURE ( PS I A ) :  * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I L L I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

* * * 



TABLE 1 2-44 
W E L L  P R OD U C T I ON S U M M A R Y -- B A S E  C A S E 

W I N D  R I V E R ,  L A N C E 1 4 0 0 0  + M E S A  V E R D E  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  o . o 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A R  

1 8 3 8 7 5 2  6 2 1 5 3 5  4 6 5  4 2 2  

2 3 8 2 3 7 5  3 1 5  2 7 1  2 3 4  2 1 3  
....... 
N 
I 

""" 5 1 5 1 1 7 7 1 6 5 1 4 2 1 2 2  1 0 9  CXl 

1 0  70  9 1  9 8  8 7  7 3  6 5  

1 5  4 3 5 8  6 8  6 3  5 4  4 8  

2 0  3 0  4 1  5 1  5 0  4 4  3 8  

3 0  1 8  2 5  3 3  3 4  3 2  2 7  

3 0 - Y E A R 
C U f'I M . 
P R O D . 2 9 5 0 3 2 8 0  3 2 0 0 2 8 9 0  2 5 00 2 2 1 9  

( t'I M C F ) 



K • 0 . 3  0 . 1  
Y E A R  

1 

I-' 2 

I\.) I 
""" 
1.0 5 

1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R  
C U M M . 
P R O D . 

( 1'1 M C F- ) 

TABLE 1 2-45 

� E L L  P R OD U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

W I N D  R I V E R , L A N C E  1 4 0 0 0 + M E S A  V E R D E  

G A S  P RO D U C T I O N  ( M M C F / Y E A R / W E L L )  

0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

1 0 3 7 9 3 8  8 1 0  6 9 6  6 3 0  

3 8 4 4 4 9  3 8 2 3 2 8  2 8 7  

1 3 0  2 0 5  1 7 9  1 6 2  1 4 1  

5 7  1 0 0 9 2  8 8  8 1  

3 4  6 1  5 7  6 1  5 3  

2 3  4 1  3 9  4 5  4 0  

1 2  2 2  2 2  2 1  2 5  

2 8 7 0 3 7 3 9  3 3 2 9  3 1 5 9  2 7 9 9  

0 . 00 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  C M D )  

5 7 2  

2 5 8  

1 2  4 

1 0  

4 7  

3 4  

2 2  

2 4 8 0  



TABLE  1 2-46 

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lance 1 4000 + Mesa Verde 1 5000 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/S ECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 

1-' ( MD )  ALL GAS [ MAX=4 l ( BCF ) ALL  GAS [ MAX= 1 2 l  ( BC F )  
N 

I 

Ul 

0 

. 03 6 . 65 4 64 6 . 84 6 . 84 1 06 

. 0 1  6 . 46 4 33 1 5 . 67 5 . 67 535 

. 003 6 . 93 4 73 7 6 . 6 5  6 . 65 1 27 7  

. 00 1 7 . 82 4 645 7 0 1 5  7 0 1 5  1 26 1  

. 0003 9 . 43 4 270  8 . 40 8 . 40 636 

. 000 1 1 0 . 98 4 80 9 . 79 9 . 79 2 1 9  

2 1 27 4034 



I-' 
N 
I 

U1 
I-' 

TABLE  1 2-47 

I NV E STMENT AND OPERAT I NG EXPENSES  

Geo l ogy a nd Geop hys i cs ( $/Pros pect ) 

D r i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base  Case 1 1 000 Ft . Fractu r e ]  

BAS I N : W i nd R i ver 
SUB-BAS I N : 
FORMAT I ON :  Lance 1 4000 + Mesa Verde  1 5000 

Advanced Cas e  1 2000/4000 Ft . Fractur e ) 

Sur face E q u i pment ( $/We I I )  

Annua l Operat i ng Expense ( $/We i I )  

Compr es so r  Fue l Cost ,  Rat i o  of  Cost to 

W . l .  Gas  Revenue 

20 , 000  

2 , 84 6 , 000 

1 , 1 5 1 , 400 - 2 , 795 , 40 0  
2 , 600 , 000 - 5 , 97 8 , 000  

4 5 , 000 

1 0 , 000  

. 029 1 



TABL E  1 2 -48 

ECONOM I C S  SUMMARY 
BAS I N  W i nd R i ver  TECHNOLOGY Base 

SUB BAS I N  FORMAT I ON Lan�e 1 4000 ' + Mesa Verde 15000 '  DATE June 1!;180 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRES . DCF RATE MAX NO . W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP ,  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO.  VHCF  _l_ NO . VALUE * _1!:L_ .....!!f£._ �M :& AT PR I CE BCF G I P  BCF AT PR I CE % DRY PROD , DRY PROD . � 
D i scoun t  Rate l �k 
I I  06 1 I I  I .  so 0 0 - 4497 0 - 2546 0 

2 1  2 . 50 0 0 - " 0 - 2546 0 
3 1  3 .  1 0  0 0 - " 0 -2546 0 
Lt l 3 . 50 4 . 0  I D 5367 0 - 2350 0 4 . 0  
5 1  5 . 00 20 . 9  3 CDE 1 5579 8 . 99 1  542 1 1 . 6 557 1 9 1 8  62 20 . 9 49 I 3 35 1 4 1  238 
61  7 . 00 38. 4  5 CDEFG 1 9 1 86 1 1 . 8 1 8  5063 23 . 9 1 200 3 1 79 1 02 38 . 4  63  39  75  299 475 
71 9 . 00 5 3 . 2  6 CDEFGH 2 1 874 1 3 . 484 1 0093 36 . 7  1 546 4034 1 1 5  5 3 . 2  54 61 97 386 597 
8 1  1 2 . 00 " " " " " 1 6 34 1  52 . 9  " " " " " " " " " 

f-' 
N D i scoun t Ra te 1�k I 
lll 1 2  I .  so 0 0 - 4497 0 -2526 0 
N 22 2 . 50 0 0 - 4497 0 -2526 0 

32 3.  10 0 0 - " 0 -2526 0 
Lt2 3 . 50 0 0 - " 0 - 2526 0 
52 5 . 00 20 . 9  3 CDE 1 5579 8. 991 - 7979 1 1 . 6 - 20 . 9  
62 7 . 00 38 . 4  4 CDEF 1 9 1 86 1 1 . 8 1 8  2272 23 . 9 1 200 3 1 79 1 02 38 . 4 63  39  75 299 475 
72 9 . 00 4 2 . 6  5 CDEFG 1 957 1  1 2 . 079 501 3 34 . 5 1 279 l398 1 06 4 2 . 6  6 1  45 79 3 1 7  503 
82 1 2 . 00 5 3 . 2  6 CDEFGH 2 1 874 1 3 . 484 1 0 1 76 52 . 9 1 546 4034 1 1 5  53 . 2  54 6 1  97 386 597 

D i scoun t Rate 20% 
1 3  I .  50 0 0 - 4497 0 -2505 0 
23 2 . SO 0 0 - " 0 - 250S 0 
33 3 . 1 0  0 0 - " 0 - 250S 0 
Lt3 3 . SO 0 0 - " 0 - 2505 0 
53 s . oo s .  1 2 CD 5572 0 -2247 0 5 .  I 
63 7 . 00 20 . 9  3 CDE 1 5579 8 . 99 1  - 26 1 9 . 8 - 20 . 9  
73 9. 00 38 . 4  4 CDEF 1 9 1 86 I I  . 8 1 8  2670 33 . 7  1 200 3 1 79 1 02 38 . 4 63  39 75 299 475 
83 1 2 . 00 53 . 2 6 C DEFGH 2 1 874 1 3 . 484 6656 52 . 9 1 546 4034 1 1 5  5 3 . 2  54 6 1  97 386 597 

* CODE : C D E F G H 
0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 



BAS I N  W i nd R i ve r  

SUB BAS I N  

GAS PR I C E  
CAS E NO . VMCF 

D i scoun t Rate 1 �k 
1 1 062 I I  1 .  50 

2 1  2 . 5 0  
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

1-' 
N D i scount Rate  l�k 
I 1 2  1 .  50 

Ul 22 2 . 50 
w 32  3 . l Q  

42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scoun t Rate 2�/o 
1 3  1 .  so 
23 2 . 50 
33 3 . 1 0  
43 3 . 50 
S3 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE :  

PROF I T . 
PROS P .  
__ %_ 

0 
" 

4 . 0  
38 . 4 

" 

49 . 0  

0 
0 

20 . 9  
38 . 4  
49 . 0  

0 
0 
" 

4 . 0  
20 . 9  
3 8 . 4  

c D 
0 . 03 0 . 0 1  

K -LEVELS 
ON STREAM 
NO. VALUE * 

0 
" 

1 
4 
" 

5 

0 
0 

3 
4 
5 

0 
0 
" 

l 
3 
4 

-

" 

D 
CDEF 
" 

CDEFG 

-

CDE 
CDEF 
CDEFG 

-

" 

D 
CDE 
CDEF 

E 
0 . 003 

F 
0 . 00 1  

TABL E  1 2-49 
ECONOM I CS SUMMARY 

FORMAT I ON Lance 1 4000 ' + Mesa Verde 1 5000 ' 

AVERAGE PER PROSPECT BAS IN TOTALS 
E & p GAS 
I NVEST . PROD . 
_w__ ..J!fL 

6460 0 
" " 

8580 l .  281  
45404 1 9 . 428 

" " 

55 1 35 2 2 . 642  

6460 0 
" " 

34 1 09 1 4 . 074 
45404 1 9 . 428 
55 1 35 22 . 642 

6460 0 

8580 1 .  28 1  
34 1 09 1 4 . 074 
45404 1 9 . 428 

G H 
0 . 0003 0 . 000 1  

NET  PRES . 
VALUE 
�M 

- 3658 
- 3658 

- 3052 
8484 

1 5 786 
30734 

- 36 1 3  
- 36 1 3 

2085 
9036 

1 9472 

- 3570 

-2981 
30 1 5  

1 1 086 

DCF RATE 
OF RETURN GAS RECOVER . MAX RECOV . 

% AT PR I C E  BCF G I P  BCF 

0 0 0 

2 3 . 4  3 1 79 3 1 79 
35 . 3 " " 

54 . 7  381 5 38 1 5  

0 0 0 

20 . 4 1 9 1 8  1 9 1 8  
35 . 3 3 1 79 3 1 79 
54 . 7 38 1 5  38 1 5  

0 0 0 

0 0 0 
30 . 0  1 9 1 8  1 9 1 8  
52 . 5  3 1 79 3 1 79 

fECHNOLOGY Advanced 

DATE June 1 980 

WELLS 
MAX NO . W I LDCAT 
PROSP,  SUCCESS W I LDCAT DEVELOPMENT 

AT PR I CE % Q.[!. PROD , DRY PROD . TOTAL 

0 0 0 0 0 0 0 

1 64 38 . 4 1 0 1  6 3  226 906 1 296 
" " " " " " " 

1 68 49 . 0  84 83 278 1 1 1 2 1 559 

0 0 0 0 0 0 0 

1 36 20 . 9  1 08 28 1 3 7  550 823 
1 64 38 . 4 1 0 1  6 3  226 906 1 296 
1 68 49 . 0  84 83 278 1 1 1 2 1 559 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
1 36 20 . 9  l OB 28 1 37 550 823 
1 64 38 . 4  1 0 1 63  226 906 1 296 



1-' 
N 

I 
lT1 
� 

TOTAL BAS I N  AREA C S ECT l ONS ) :  
TYP E : B l a n ket 

NGL C BBL/MMC F ) : 1 0 .  

AVERAGE PRODUCT I V E 
PERM.  AREA 
(MD ) ( SECT I ONS ) 

0 . 3 34 

0 . 1 1 0 1  

0 . 03 1 78 

0 . 0 1 1 1 5 

0 . 003 52 

480 

H/C GAS 
POROS ITY 

( % ) 

1 0 . 5  

9 . 7  

8 . 8 

7 . 9  

7 . 0 

NET PAY 
TH I CKNESS 

( FT .  ) 

1 0  

23 

35  

40  

45  

TABLE  1 2 -50 

GEOLOG I CAL DATA SUMMARY 

BAS I N : W i nd R i ver 
SUBBAS I N : 
FORMAT I ON :  Front i er/Muddy  

EST  U v1ATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

C BCF ) C BCF ) 

54 . 4 47  

343 . 4  28 1 

834 . 82 646 

5 53 . 1 5 403 

249 . 6 1 70 

2035 . 1 54 7  

DEPTH ( FT .  ) : 2000 
PRESSURE C P S I A ) : 7 7 5  
TEMPERATURE ( ° F ) : 1 04 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I. TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I V EN THAT 
NATURE I S  STATE OF NATURE I S  PROU 

PROUUCT I V E 1 st W/C 2nd  vUC 

o .  1 0  1 . o 

0 . 30 1 . 0 

0 . 40 1 . 0 

0 . 4 5  1 . o  

0 . 50 1 . 0 



TABL E 1 2-5 1  

w E L L  P R O D U C T I O N S U M M A R Y -- B A S E  C A S E  

w i N D R I V E R ,  F R O N T I E R I M U D D Y  2 0 0 0 

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 , 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E. A R  

1 6 2  9 3  7 9  5 5  3 2  

2 4 6  6 4  4 9 3 1  1 8  
...... 
N 
I 

Ul 
5 3 6 4 5  3 3  1 9  1 0  

Ul 

1 0  2 9  3 6  2 5  1 5  7 

1 5  2 4  3 2  2 2  1 2  6 

2 0  2 1  2 9  2 0  1 1  6 

3 0 1 6  2 4  1 8  9 5 

3 0 - Y E A R  
C U M M , 
P R O D , 81 5 1 0 9 4 7 9 5 4 6 7  2 5 0 

( M M C F ) 



TABLE 1 2 -52 

W E L L P R OD U C T I ON S U M M A R Y - -A D V A N C E D  C A S E  

W I N D  R I V E R , F R O N T I E R  I M U D D Y  2 0 0 0  

G A S  P R O D U C T I O �  ( M M C F / Y E A R / W E l l )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( " D )  
Y E A R  

1 8 8  1 4 2  1 6 0 1 2 5  9 3  

2 6 6  99 1 1 8 8 4  5 9  
I-' 
N 

I 
lJ1 

5 4 9  7 0  8 3  5 7  3 7  0"1 

1 0  4 0  5 4  6 5  4 2  2 6  

1 5  3 4 4 7  5 6  3 6  2 2  

2 0  3 1  4 2  5 0  3 3  1 9  

3 0  2 5  3 6  4 3  2 7  1 6  

3 0 - Y E A R 
C U t'I M . 
P R O D . 1 1 6 1  1 6 4 3  1 9 3 8  1 3 0 2  8 3 2  ( f'! M C F ) 



TABL E  1 2-53  

PRODUCT I ON W E L L  REQU I REMENTS 

BAS I N : W i nd R i ver 
SUB-BAS I N :  
FORMAT I ON :  Front i er/Muddy  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
C MD )  ALL GAS ! MAX=4 1 C BCF ) ALL GAS ! MAX= 1 2 1  C BCF ) 

I-' 
IV 

I . 3  1 . 7 1 .  7 47  1 . 2  1 . 2 47  
Ul 
-...] 

• 1 2 . 6  2 . 6  28 1 1 .  7 1 .  7 28 1 

. 03 4 . 6  4 .  567 1 .  9 1 .  9 646 

• 0 1  7 . 5 4 • 2 1 6  2 . 7  2 . 7  403 

• 003 1 3 .  1 4 • 52 3 . 9  3 . 9  1 70 

1 1 63 1 54 7  



I-' 
(\.) 
I 

Ul 
00 

TABLE 1 2-54 

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N :  W i nd R i ver 
SUB-BAS I N :  
FORMAT I ON :  Front i er/M u d d y  

Geo l ogy a n d  Geop h ys i cs ( $/Pr os pect ) 

Dr i I I i ng Cos t ( $/We I I ) 

Fra cture Cost ( $/We i I )  

Base Case l 1 000  Ft . Fract u re ] 
Ad van c ed Case  1 2000/4000 Ft . Fracture ] 

S ur f ace Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expe n se ( $/We i I )  

Compres sor Fue l Cost , Rat i o  of Cost to· 

W . l .  Gas Revenue  

2 0 , 000 

1 23 , 000 

84 , 000  
1 06 , 000 - 27 5 , 000  

4 5 , 000 

1 0 , 000  

.029 1 



TABLE  1 2-55  

ECONOM I CS SUMMARY 
BAS I N  h!i ad Bi ��c TECHNOLOGY Base Case 

SUB BAS I N  FORMAT I ON Fron t i e r/Huddy 2000 ft. DATE 1 0/79 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T .  K-LEVELS E & P SAS N ET PRES .  DCF RATE MAX NO .  W I LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMEfH 
CASE NO . S /MCF __ %_ NO . VALUE * ..JlL_ � �M % AT PR I CE,IC F  G I P  B C F  A T  PR I CE '% !illY. PROD . DRY PROD . TOTAL 

D i scount  Ra te  1 0� 
I I  07 1 1 1  I .  50 5 . 3 I B 54 1  . 700 - 1 60 1 . 6  5 . 3  

2 1  2 . 50 2 0 . 2  3 ABC 1 383 3 . 340 402 1 9 . 4 895 974 268 20 . 2  2 1 4  54 223 893 1 384 
3 1  3 .  1 0  3 1 . 5  4 ABCD 1 982 4 . 6 1 7  858 2 5 . 7 1 1 1 1  1 377 2 4 1  3 1 . 5  1 65  76  3 1 9  1 274 1 834 
4 1  3 . 50 3 1 . 5  4 ABCD 1 982 4 . 6 1 7  1 1 29 30 . 8  1 1 1 1 1 377 2 4 1  3 1 . 5  1 6 5  76 3 1 9  1 274 1 834 
5 1  s . oo 37 . 6 5 ABC DE 2260 4 . 938 2 1 94 4 7 . 2  1 1 63  1 547 236 37 . 6 1 47 89 365 1 46 1  2063 
6 1  7 . 00 " " " " " 3643 72 . 2 
7 1  9 . 00 " " " " " 5093 95 . 7 
8 1  1 2 . 00 " " " " " 7267 1 2 7 . 6  

1--' D i s count  Rate 1 �/, 
N 1 2  I .  so 0 0 36 1 -22 1 0 0 
I 2 2  2 . 50 20 . 2  3 ABC 1 383 3 . 340 1 35 1 9 . 4 895 974 268 20 . 2  2 1 4  54 22 3 893 1 384 

Ul 3 2  3 .  1 0  20 . 2  3 ABC 1 383 3 . 340 353 26 . 4 895 974 268 20 . 2  2 1 4  54 223 893 1 384 
"' 42 3 . 50 3 1 . 5  4 ABCD 1 982 4 . 6 1 7  6 1 2  30 . 8  1 1 1 1  1 377 2 4 1  3 1 . 5  1 6 5  76 3 1 9  1 274 1 834 

52 5 . 00 3 1 . 5  4 ABCD 1 982 4 . 6 1 7  1 34 1  50 . 0 1 1 1 1  1 377 2 4 1  3 1 . 5  1 6 5  76 3 1 9  1 274 1 834 
62 7 . 00 3 7 . 6  5 ABC DE 2260 4 . 938 2394 72 . 2  1 1 63 1 574 236 37 . 6 1 47 89 365 146 1 2063 
72 9 . 00 " " " " " 3435 95 . 7  
8 2  1 2 . 00 " " " " " 4995 1 2 7 . 6 

D i scou n t  Rate 20% 
1 3  I .  so 0 0 36 1  - 226 0 - 0 
23  2 . 50 20 . 2 3 ABC 1 383 3 . 340 - 14 1 9 . 4 2 0 . 2  
3 3  3 . 1 0  20 . 2 3 ABC 1 383 3 . 340 1 54 2 6 . 4  895 974 268 2 0 . 2  2 1 4  54 223 893 1 384 
43 3 . 50 20 . 2 3 ABC 1 383 3 . 340 265 3 1 . 1  895 974 268 20 . 2  2 1 4  54 223 893 1 384 
5 3 5 . 00 3 1 . 5  4 ABCD 1 982 4 . 6 1 7  882 50 . 0  1 1 1 1  1 377 2 4 1  3 1 . 5  1 6 5  76 3 1 9  1 274 1 834 
63 7 . 00 3 7 . 6  5 ABC DE 2260 4 . 938 1 680 ]2 . 2  1 1 63  1 547 236 3 7 . 6  1 47 89 365 1 46 1  2063 

73 9 . 00 " " " " " 2483 95 - 7  
8 3  1 2 . 00 " " " " " 3688 1 2 7 . 6 

* CODE : A B C D E 
0 . 3  0 . 1  0 . 03 0 . 0 1 0 . 003 



TABL E  1 2-56 

ECONOM I CS SUMMARY 
BAS I N  Wiod Ri��c TECHNOLOGY Advanced Case 

SUB BAS I N  FORMAT I ON F ron t i e r/Muddy 2000 f t . DATE 1 0/79 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRE S .  DCF RATE MAX N O .  W i LDCAT 

GAS PR I C E PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP .  SUCCESS W I LDCAT DEVELOPMEIIT 
CAS E NO.  S /M�F __ % __ NO . VALUE * ..1!:!._ ..1.f£.._ �M % AT PR I CE IICF  G I P  BCF  AT  PR I C E % DRY PROD . DRY Pi\00 . TOTAL 

D i scoun t Rate 1 �/, 
1 1 0721 1 I .  50 20 . 2  3 ABC 1 295 3 . 340 76 I I .  7 974 974 292 20 . 2  233 59 1 1 7 469 878 

2 1  2 . 50 3 1 . 5  4 ABCD 2027 5 . 1 89 \ 0 1 9  2 7 .  1 1 377 1 377 265 3 1 . 5 1 82 83 1 95 780 1 240 
3 1  3 .  1 0  3 7 . 6  5 ABC DE 252 1 5 . 990 1 7 1 7  35 . 0 1 547 1 547 258 37 . 6 1 6 1  97 248 993 1 499 
4 1  3 . 50 " " " " " 2 1 23 4 1 . 1  " " " " " " " " 

5 1  5 . 00 " " " " " 3644 64 . 1 
6 1  7 . 00 " " " " " 5672 93 . 3  
7 1  9 . 00 " " " " " 7700 1 20 .  1 
6 1  1 2 . 00 " " " " " 1 0743 1 55

·. 9 

1-' 
D i scount  Rate 12io (\J 

I 1 2  1 .  50 5 . 3  1 B 630 . 699 -242 1 . 1  5 . 3 
0'1 22 2 . 50 3 1 .  5 4 ABCD 2027 s . 1 89 5 1 8  2 7 .  I 1 377 1 377 265 3 1 . 5 1 82 83 1 95 780 1 240 
0 32 3 .  10  3 1 . 5  4 ABCD 2027 s. 1 89 89 1 35 . 9  1 377 1 377 265 3 1 . 5  1 82 83 1 95 780 1 240 

42 3 . 50 3 7 . 6  5 ABC DE 252 1 5 . 990 1 278 4 1 . 1  1 547 1 547 258 37 . 6 1 6 1  97 248 993 1 499 
52 5 . 00 " " " " " 2377 64 . 1 " " " " " " 

62 7 . 00 " " " " " 384 1 93 . 3  
72 9 . 00 

" " " " " 5306 1 20 .  1 
82 1 2 . 00 " " " " " 7506 1 55 . 9  

D i scount  Ra te 20% 
1 3  I .  so  5 . 3  I B 630 . 699 -267 1 . 1  - 5 . 3 
23 2 . 50 20 . 2  3 ABC 1 295 3 . 340 1 02 24 . 0 974 974 292 20 . 2 233 59 1 1 7 469 878 
33 3. 1 0  3 1 . 5  4 ABCO 2027 s . 1 89 520 35 . 9  1 377 1 377 265 3 1 . 5  1 82 83 1 95 780 1 240 
43 3 . 50 3 1 . 5  4 ABCD 2027 5. 1 89 7 1 1 4 1 . 8  1 377 1 3 77 265 3 1 . 5  1 82 83 1 95 780 1 240 
53  s . oo 3 7 . 6  5 ABC DE 252 1 5 . 990 1 639 64 . 1 1 547 1 547 258 37 . 6 1 6 1  97 248 993 1 499 
63  7 . 00 " " " " " 2769 93 . 3  
73 9 . 00 " " " " " 3899 1 20 .  1 
83 1 2 . 00 , ,  " " " " 5594 1 55 . 9  

* COD E :  A B C D E 
0 . 3 0 .  I 0 . 03 0 . 0 1  0 . 003 



Ch apter Th i r te e n  

U INTA BAS I N  

L I S T  O F  TABLES 

Uinta Tigh t Ga s Forma t ion s . . . . . . . . . . . . . • . • . . • • • • • . • . . . . . . . •  

Explorat ion Pe rformance • • . . . . . • . . . • • . • . . . . . . . . . . • . . . • . • • • . .  

Tigh t Forma t i o n  Re se rvo i r  Par ame ters • . • • . . • • . . . . . . . . • • • . • . .  

Ma x imum Re coverab l e  Ga s and Pr od u c t ive Ar e a  • . • . . . . . • . . • . • • •  

Summa ry o f  U i n t a  Bas i n  Ga s Po ten t i a l  • . . . . . . . . . • • • . • . . • . . . . .  

1 3- 7 
1 3- 9  
1 3 - 1 0  
1 3- 1 1 
1 3 - 1 5  

In add i t io n , e ach s ub ba s i n  wi th i n  the b a s i n  h a s  a s e r i e s  o f  
these spe c i f i c table s : 

Geo log i c a l  Da ta Summa ry 
We l l  Pr oduc t ion Summa ry -- Ba se Ca se 
We l l  Prod u c t io n  Summa ry -- Ad vanced Case 
Produc t ion We l l  Req u i reme nts 
Inves tme n t  and Oper a t i n g  Expenses 
Ec onom i c s Summa ry Base Case 
Economi c s  Summa ry - - Ad vanced Cas e  

Forma t ion 
Page s  

Co a 1 y • • • . . . . . . . . . . · · · • · · · · · · · · · · · · · · · · · · · • · · · · · • · • 

Ca s tlegate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Co aly + 
Wa satch 
Wa satch 
Wa satch 

C a s t l eg a te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

+ Co a 1 y . . . . . . . . . . . . . . . . • . • . . . . . . • • . • . • . . . •  

+ Ba rre .n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ba rren . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 3 - 1 6 - 1 3 - 2 2  
1 3 - 2 3  - 1 3- 2 9  
1 3- 3 0  - 1 3 - 3 6  
1 3 - 3 7  - 1 3 - 4 3 
1 3 - 4 4  - 1 3 - 5 0  
1 3 - 5 1  - 1 3 - 5 7  
1 3 - 5 8  - 1 3 - 6 4  

F ig ure 

1 3 -1 
1 3- 2  
1 3- 3  
1 3- 4  
1 3 - 5  

L I S T  O F  F IG URE S 

Ind e x  to T i g h t  Ga s Areas . . . . . . . . . . . • . . . . . . . . • . . 

Ui n ta Ba s i n  Oi l and Ga s F i eld Map • . . . . . . . . . . . . .  

S -N Di agramma t i c  Cros s Sec t io n  . . . • . . . . . . . . • . • • .  

Corre l a t ion D i ag ram . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

F i e l d  S i z e Di s tr i bu t ion o f  Produc i b l e  Ga s ,  
Ui n ta Ba s i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 3 - 3  
1 3 - 4  
1 3 - 5  
1 3 - 6  

1 3 - 1 2  



Ch apte r Th i r teen 

U I NTA BAS IN 

GEOLOGY 

General De s c r ipt ion 

The Uinta Ba s i n ,  loca ted in northe a s t  Utah , is  a maj or sed i 
me ntary b a s i n  of the we s tern-cen tral Ro cky Mo u n ta i n  Prov i nc e . The 
ma rg ins are sh arply de f i n ed to the nor th and we s t  by the U i n ta and 
Wa satch Moun ta ins . The so u th fl ank r i se s  g e n tl y  to the San Ra fael 
swe l l  on the southwe s t  and the Unc ompahg re u pl i f t  o n  the southea s t . 
The eas tern s id e  o f  the ba s i n  i s  d e f i ned by the Doug l a s  Creek arch 
wh i ch separa tes the Ui n ta from the Piceance Cre e k  b a s i n  to the 
east . Th e area w i th i n  the bas i n  i s  approx ima tely 9 , 5 0 0  square 
miles  and is  almo s t  c omple te l y  d e f i ned by the l im i t of  Te r t i a ry 
rock outc rop . I t  i s  a topog r aph i c  as we l l  as s truc t u r a l  ba s i n  and 
is s trong ly a s ymme tr i c  w i th the s t r uc t ural  ax i s  ve ry c l ose to the 
north marg i n .  I n  i ts no r thern and de epe s t  po r t i o n  the b a s i n  i s  
f i l l ed w i t h  3 0 , 0 0 0  t o  3 2 , 0 0 0  fee t o f  Te r t i a ry ,  Me s o zo i c  a nd 
Pa l eozo i c  sed imen tary rock s . Uppe r Cre taceous and Te r t i a ry rocks 
compr i se around 8 0  pe rcen t o f  the to tal . ( Ri t zma , 1 9 7 2 ) . 

The con f i g ura t ion o f  the U i n t a  Ba s i n  wa s c o n t ro l l ed i n  par t by 
e ar l i e r  s truc tural fea t ur e s  bu t the dom i na n t  fac to r  in b a s i n  forma
t ion wa s the r i se of the U i n t a  Mo unta i n  b l ock on the north accom
pan ied by s imul taneou s bas i n  s ub s idence . Th i s  proce s s  b eg a n  by the 
late Cre taceou s-e a r l y  Te r t i a ry Laramide orog e ny . Con t i n ued d i f
feren t i a l  downwa rp i ng accentuated bas i n  d eve l opme n t  thro ug ho u t 
Ter t i a ry t ime . In e a s te r n  Utah sed ime n ta t ion d ur i ng the Pal e o zo i c  
took pl ace i n  a predom i n an tly ma r i ne she l f  e n v i ronme n t .  Th i s  tab l e  
pa ttern o f  d e pos i t io n  wa s i n terrupted d ur i ng Penn s yl van i an t ime by 
the e l evat ion of the Uncompahg re upl i ft , par t  of wh i c h  und e r l i e s  
the southe a s t  por t ion of t h e  pre sent  bas i n . A s e r i e s  o f  northwe s t  
trend i ng sma l l  folds and faul t s  ex tend i n to the e a s t e r n  po r t i o n  o f  
the bas i n . The se s t ruct ure s h ave been l a rge l y  ma s ked b y  l a te r  
sed imen ta t ion . 

In Cretaceo u s  t ime the area wa s a pa r t  o f  the Rocky Mou n ta i n  
geosync l ine and rece ived 6 , 0 0 0  t o  1 2 , 0 0 0  fee t o f  sands tone a nd 
shale predomi nantly o f  the Mancos and Me saverde forma t io n s , non
mar ine i n  the we s t  g r ad i ng to mar ine i n  the e a s t .  

Te r t i a ry s ed ime n t a ry rocks c ompr i s ed ma i n l y  o f  the Gre e n  R i ve r ,  
Co l to n ,  No rth Ho rn and Wa sa tch forma t i ons reached t h i ckn e s s e s  o f  
1 8 , 0 0 0  fee t or mor e . Th e Co l to n , Nor t h  Hor n  and Wa sa tch sed ime n t s , 
d e r ived from h ig h l and s to the north and we s t ,  we re d e po s i ted by 
mixed meand e r i ng and bra ided s tre ams on a b road pla i n  und e r  
f l uv i a l , f l oodpl a i n  and l a c u s tr ine env i ronme n t s . The pa t te r n  o f  
depos i t ion re s ul ted i n  h ig h l y  len t i c ul ar and i rr e g u l a r  bed s , both 
l atera l ly and ve r t i c a l ly , of sands tone , sha l e ,  m ud s tone , s i l t s tone 
and some carbonate un i t s . Green River d e po s i t io n  wa s c h a r a c te r i zed 
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by a c omp l e x  m i x t ur e  o f  l ac u s tr i ne sha l e s  i n c l ud i n g  ma j o r d epo s i ts 
o f  c a rbon a t e s  and f l uv i a l  l en t i c ul a r  s a nd s tone s .  Ma rg i nal l a c u s
t r i n e  sand s to n e s  form s tra t ig raph i c  r e s e rvo i r s  ad j a c e n t  to the 
h ighly o rgan i c , f i n e  g r a i n ed sed ime n t a ry rocks wh i c h  ac c umula ted 
u nd e r  red uc i ng cond i t ions in the i n te r io r  of a ve ry e x te n s ive l ake . 

Th e geology o f  the bas i n  i s  i l lu s t r a ted by the fo l low i ng 
e xh ib i t s : 

• A b a s e  map s h ow i ng bas i n  o u t l ine w i t h  bord e r i ng s t r uc t ures 
and o u t l i ned areas of t ig h t  g a s  fo rma t io n  po te n t i a l  ( F i g ure 
1 3 - 1 ) 

• An o i l and gas  f i e ld map ( F ig ure 1 3 - 2 ) 

• A d i agr amma t i c  c ros s-sec t io n  ( F ig ur e  1 3 - 3 ) 

• A corre l a t ion char t ( F ig ure 1 3- 4 ) . 

T i g h t  Gas Format ions 

Fo rma t ions  con ta i n i ng unconve n t ional  g a s  po ten t i al i n c l ud e  
s ands tone reservo i r s  w i th i n  the Me s av e rd e  Group and No r th Horn , 
Wasa tch ,  Co l ton a nd Gree n  R iver fo rma t ions  t h a t  are charac ter i z ed 
by h ig h  shal i n e s s  o r  e x tens ive c eme n ta t io n , l ow p e rmeab i l i ty ,  l ow 
ga s-f i l l ed poro s i ty and c ommonly by h igh wa t e r  s a t ura t ion . The s e  
forma t ions , n eve r the l e s s ,  d o  conta i n  a l a rg e  r e so u r c e  o f  g a s- i n
pl ace d i s s em i n a t e d  w i d e l y  both l a ter al ly over the ba s i n and ver t i
c a l ly through thousands o f  feet of rock . 

Spe c i f i c d e f i n i t ion of fo rma t i ons wh i c h  should q ua l i fy a s  
t ight fo rma t i ons wi th unco nvent ional gas  po ten t i a l  w i l l  b e  a task 
o f  s tate reg ul a to ry ag enc i e s . Fo r the g e n e r a l  p urpo s e  o f  e s t ima t
i ng gas re source a nd the e f fe c t  o f  gas pr i c e  on recove ry , th i s  
s t ud y  ad op ted the r a th e r  arb i tr ary t ig h t  fo rma t io n  nome n c l a ture o r  
c l a s s i f i ca t io n  empl oyed b y  Lewin and As soc i a te s , 1 9 7 8 .  Howeve r ,  i t  
should be noted tha t these forma t ions are too r e s t r i c t ive . Tab l e  
1 3 -1 l i s t s  b o t h  t h e  Lewin fo rma t ion n ame s a nd the more i n c l u s ive 
f o rma t ions i n te nded to be c overed und e r  th i s  s t ud y . 

Hyd rocarbon Pote n t i a l  

Es t ima te s o f  po te n t i a l  area f o r  the t ig h t  g a s  f o rma t io n s  are 
based on the concept tha t gas s a t urat ion in the s e  re s e rvo i r s  i s  
e x te n s ive . Dry ho l e s  d r i l l ed i n  earl i e r  ye a r s  d o  not n e c e s s a r ily 
co nd emn the pos s ib i l i ty o f  f u t ure prod uc t io n  w i t h  the i nc e n t ive of  
h igher g a s  pr i c e  and new c ompl e t ion te chnolog y . 

Re source e s t ima t e s  i n  a prev i o u s  t ig h t  g a s  s t ud y  ( Lewi n ,  1 9 7 8 ) 
are c ompar ed w i th the pre sent  s t udy f i nd i ng s  i n  Par t I o f  th i s  
repo r t , Chapter N i ne . Es t ima te s i n  bo th c a se s are re s t r i c ted to 
depth s o f  abou t 9 , 5 0 0  fee t cover i ng the s h a l l owe r h a l f  o f  the 
b as i n . Be cause o f  l ack o f  i n forma t i o n  o n  sands tone d i s tr ib u t ion 
and rese rvo i r  prope r t i e s , deepe r gas po ten t i a l  from 9 , 5 0 0  fee t  to 
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TABLE 1 3 - 1  

T ight Gas F ormations 

Formation F ormation Rock Type Age T rap T ype D e,Eth 
( Lewin) ( Th i s study) 

Wasatch Gr een River s s  Pa l eocene 
Col ton Eocene Strat . ( Lentic ul a r )  6, 500 ' 
Wa satch 
North Horn 

Barren Tusher- ss u. Cret . Strat . ( Lenticul a r )  7 , 500 ' 
Farrer 

Co aly Ne l sen ss u. Cr et . St rat . ( Lentic ul ar ) 8 , 500 ' 

Ca stl egate ca stl egate ss u. Cr et . st r at .  ( Bl anke t )  9 , 500 ' 

below 2 0 , 0 0 0  f e e t  i s  no t i n c l ud ed i n  the e s t ima te s . To th i s  e x t e n t  
e s t ima te s are conse rva t i ve . Te r t i ary re s e rvo i r s  w i l l  probably h ave 
the b e s t  po ten t i a l  for d eve l opmen t  of t ig h t  g a s  for the fo rma t ions 
eva lua ted . 

Explora t ion H i s tory 

Sha l l ow we l ls were d r il l ed i n  the ba s i n  a s  l o ng ago a s  1 8 9 1  b u t  
the f i r s t  c omme r ic a l  o i l  we l l  wa s d r i l l ed by Eq u i ty O i l  Co . i n  1 9 4 8  
o n  the As hley ant i c l i ne prod uc i ng a t  the r a te o f  3 0 0  BOPD from t h e  
Pa l eozo i c  We ber Sand s tone . Other s ig n i f i ca n t  e ar ly f i e l d s  i n c luded 
Roos eve l t  ( 1 9 4 9 ) , Red Wa s h  ( 1 9 5 1 ) and B l u e  Be l l  ( 1 9 5 4 ) all  pro d u c
i ng f rom the Green Rive r .  Al tamon t wa s d i s c overed i n  1 9 6 9  and i s  
ac tual ly a d i s t i n c t  e n t i ty from Bluebe l l  a l t ho ugh they are c ommon l y  
g rouped . Old B l u e be l l  produc t io n  wa s al l from above Colton o r  
Wa sa tch . The o r ig i n a l  A l t amon t  prod uc t ion was from above , equ i v
alent  to and below Co l to n  and wa s ove r-pr e s s ured ( Tom Fouc h , 
per sonal c ommun i c a t i o n ) .  

Some shal l ow gas wa s found i n  we l l s d � i l l ed a l o ng Asph a l t  Ridge 
pr ior to 1 9 1 8 . In  1 9 2 5  a we l l  w i th an i n i t i a l  vo l ume o f  1 5  MMCFG PD 
wa s c omple ted on the As hley an t ic l i ne from the Jura s s i c  Morr i so n . 
Ga s prod uc t io n  wa s e s tabl i shed i n  the e a s t  e nd of the b a s i n  by the 
early 1 9 5 0 ' s . Ac c um ul a t ions  of gas  are n e a r ly a l l  s tr a � igraph i c . 
Prod u c t ion tends to be r e s t r i c ted because o f  l ow po ro s i ty and 
pe rme ab i l i ty .  

Explora t ion to d a te has  re s ul ted i n  the d i scove ry o f  s ix l arge 
f ie ld s  and 8 5  sma l l e r  f i e ld s .  Cumu l a t ive g a s  prod uc t ion i s  6 9 0  BCF 
wi th rese rves of 3 4 0  BCF . Th i s  i s  c ommon ly re ferred to a s  c o nven
t ional gas  though some o f  the gas has  probably been produc ed f rom 
re se rvo i r s  w i th l ow e n o ugh pe rme ab i l i ty to q ua l i fy a s  t ig h t  fo rma
t ion gas . Fu t ur e  po ten t i a l  for c onve n t ional  g a s  h a s  been e s t ima ted 
at about 1 . 7 TCF . ( Ba ke r , Dra f t  Re po r t , June 1 9 7 9 ) . 
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A s umma ry o f  recent  e xplora t ion d r i l l i ng for the 1 9 6 0 - 1 9 7 7  
per iod i s  pre s e n ted i n  Tab l e  1 3- 2 . Dur i ng t h i s  pe r i od an ave rage 
o f  20 w i ld c a t s  per ye a r  we re d r i l l ed . Of the w i ld c a t s  d r i l l ed fo r 
g a s , 2 6  percent we re s uc c e s s f ul f i nd i ng an ave rag e o f  5 . 9  BCF per 
we l l . Wi th h igher pr i c e s  a l arge r  propo r t i o n  o f  w i ld ca t s  w i l l  b e  
s uc c e s s ful ; howeve r ,  fo r compl e t ions i n  t ig h t  g a s  r e s e rvo i r s  the 
amo un t fo und pe r s uc c e s s f u l we l l  may be e xpec ted to d e c l i n e . 

G i l so n i te 

Mos t o f  the wo r l d ' s  e conomic d e pos i t s o f  g i l son i te are fo und i n  
the U i n t a  Ba s i n .  G i l so n i te i s  one o f  s eve r a l  var i e t i e s  o f  b i t umen 
c ommon ly o c c urr i ng a s  a sol id , b l a ck , c oa l - l i ke s ubs tance . Deve l
opme n t  began a s  e ar ly a s  the 1 8 8 0 ' s .  By 1 8 8 9 ,  2 , 0 0 0  tons o f  g i l 
son i te a t  $ 5 0  p e r  ton were s h i pped from a l a rg e m i n e  northe a s t  o f  
Duche sne , Utah . Gi l son i te occur s i n  ve r t i c a l f i s s ur e s  o r  ve i n s  
va ry i ng i n  w i d th from a f ew i nche s t o  2 2  fee t . Some ve i n s  h ave 
been m i ned as d e ep as 1 , 8 0 0  f ee t .  I n  1 9 5 1  a n n u a l  prod u c t io n  
reached 8 1 , 0 0 0  ton s . Re s e rve s h ave b e e n  e s t ima ted i n  exce s s  o f  3 0  
m i l l i o n  ton s . Th e pr imary source i s  b e l i eved to be i n  the Green 
River Fo rma t io n  ( We l l s ,  1 9 5 8 ) w i th empl ac emen t  i n  yo ung er fo rma
t i ons throug h tens ional f r a c t ur e s  or shear pl ane s ( Osmond , 1 9 6 5 ) . 

Chara c te r i s t i cs o f  Traps and Re se rvo i r s  

Strat ig raph i c  trapp i ng w i l l  con tro l mo s t  o f  t h e  g a s  acc umul a
t ions e xpec t ed in t ig h t  gas  re s e rvo i r s . Pr imary d e po s i t ional pa t
terns impo sed abrup t f a c i e s  chang e s  from s ands tone and s i l t s tone to 
shale . Di agene s i s  mod i f i ed the o r ig i n a l  po ros i ty and pe rme ab i l i ty 
c haracte r i s t i c s . The re s ul t  i s  h ig h  var i ab i l i ty i n  r e s e rvo i r  d i s
tr ibut ion w i t h  mod e ra t e , l ow and r e l a t ive ly unprod uc t i ve are a s  i n  
c lose prox im i ty .  The pr esence o f  a broad spe c trum o f  l ow perme a
b i l i t ie s  d i c ta te s that the bas i c  trap be d e f i n ed in te rms of pe rme
a b i l i ty .  Th e pe rmeab i l i ty trap d i s t r ibu t ion rang e s  from 1 . 0 to 
0 . 0 0 0 3 m i l l id a rc i e s .  Traps con s i s t  o f  are a s  of g a s- f i l l ed rock 
h av i ng h ig h e r  pe rme ab i l i ty than the s ur round i ng rock . I n  general  
the  prod u c t i v i ty w i l l  be propor t ional to  pay t h i ckne s s , pe rme ab i l 
i ty and g a s- f i l l ed poros i ty .  Othe r rese rvo i r  c h a r a c te r i s t i c s  be ing 
equal , the pe rme ab i l i ty trap c l a s s  w i l l  d e t e rm ine the gas  pr i c e  
requ i red t o  ach i eve e conom i c  prod uc t ion . 

An e x c ept i o n  to the pr edomi nantly l e n t i cu l ar t ig h t  g a s  r e s e r
vo i r s  i s  the mar ine par t o f  the Ca s tl eg a t e  Sands tone wh i c h  tends to 
be a bl anke t- type reservo i r . Th i s  does  not pr e c l ud e  l a te r a l  or 
upd ip s tr a t igraph i c  trapp i ng due to d e po s i t ional  o r  d i agene t i c 
change s .  

Tab l e  1 3- 3  s umma r i z e s  the ba s i c  re s e rvo i r  parame ters . 

PRODUCT ION 

The loc a t ion of the prod uct ive fo rma t ions i n  the U i n ta bas i n  
were shown i n  F i g ure 1 3- 1 . Th ere i s  cons i d e r a b l e  ove r l ap o f  the 
prod uc t ive fo rma t ions and much of the area co uld be prod uc ed by 
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TABLE  1 3-2  

E X P L OR A T I ON P E R F ORMA N C E  I N  T H E  U I N T A  B A S I N  

Numb e r  o f  S u c c e s s f u l  \.J I  l dc a t  \.J e l l s 
T o t a i  
G a s  
0 1 1 

An.ount  o f  P e t r o l e um Found 
T o t  a I ,  H11B OE ·:"·' 
G a s , B C F  
0 I I , HMB b I s . 

Nu111b t! r  o f  \.J i  l ica t \.J e l l s 
To t a l 
G a s  � 
0 i I �. 

N u n .b e r  1../ i l d c a t s / y e a r  

P e r c en t \.J i  l dc a t s  S u c c e s s fu l  
T o t a l  
G a s  
O i  I 

;..m0u n t  F o u n d / S uc c e � s f u l  \.J I I d ca t 
T o t  a I ,  H�IO O E E  
G a s , B C F  
0 1  I MI-IBb l s . 

A v e r a g e  [) t! p t h  o f  \ h i l s ,  fee t 
G a s  
0 1 1 

A l l  
\.J e  I I  s 

5 5  
3 0 
2 5  

7 2  
2 5 6  

2 4  

2 3 3  
1 28 
l OS 

2 3  

2 3 . 6 
2 3 . 4 
2 3 . 8 

I . 3 
a . 5 
I . 0 

6 8 0 0  
] 3 0 0 

126 0  - 1 96� 
New Ne�1 Poo I s  & 

F l e i J s  Deepe r  P rod . 

4 7  
2 6  
2 1  

6 S 
2 1 8 

2 3  

2 1 6 
1 1 9 

9 7  

2 1  

2 1 . 8 
2 1 . 8 
2 1 . 6 

I . 4 
8 . 4 
I . I 

6 8 0 0  
7 2 00 

8 
4 
4 

7 
3 8  

I 

1 7  
9 
8 

2 

4 7 .  I 
41, . 4 
50 . 0  

0 . 9 
9 . 5 
0 . 3 

6800 
7 9 0 0  

1�70 - 1 97Z 
A l l N ew Ne1·1 Poo I s  & 

\.J e l l s F i e l d s  D e epe r P r od . 

3 9  
2 1  
1 8  

4 70 
45 

) 8ft 

1 2  7 
6 8  
59 

1 6  

3 0 . 7  
3 0 . 9 
3 0 . 5 

1 2 . I 
2 .  I 

2 1 . 3  

tl 3 00 
l Z ftOO 

3 5  
2 0  
I S 

469 
40 

384 

l l tl 
66 
5 2  

1 5  

2 9 . 7 
3 0 . 3 
2 8 . 8 

1 3 . 4 
2 . 0 

2 5 . 6  

8 300 
1 2 000 

4 
I 
3 

I 
5 

0 . 2 

9 
2 
7 

I 

44 . 4 
50 . 0 
4 2 . 9 

0 . 3 
5 . 0  
0 . 0 7  

9 700 
1 4 2 00 

1�60 - 1 '9 7 7  
A l l New N ew  :>oo l s  & 

\.J e l l s f i e l d s O e epe r P rod . 

9ft 
5 1  
4 3  

S4 2  
3 0 1  
408 

3 6 0  
1 96 
1 64 

2 0  

26 . I 
2 6 . 0 
2 6 . 2 

5 . 8 
5 . 9 
9 . 5  

7400 
9400 

8 2  
1,6 
36 

5 3 4  
2 5 8  
ft0 7  

3 3 4  
1 8 5  
1 49 

1 9  

2 4 . 6  
2 4 . 9 
2 4 . 2 

6 . 5 
5 . 6  

I I  . 3 

7'• 0 0  
9 2 0 0  

1 2  
5 
7 

8 
4 3  

2 6  
I I  
I S  

46 . 2 
45 . 5  
t. 6 . 7  

0 . 7 
8 . 6 
0 . I 

7 4 0 0  
1 06 0 0  
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TABLE 1 3-3 

T I GHT FORMAT ION  RES ERVO I R  PARAMETERS 

Gas-fi l l ed 
Permeabi l i ty Pres s Temp . Poros i ty Ne t Pay 

Forma t ion  Ra nge (md ) ( Ps i ) (OF ) Range (% ) Ra nge (ft . )  

Wa satch-Green 
R i ver-Co l ton- 1 . 0- . 00 3  2795 1 7 5 6 . 4- 3 . 9  2 0- 1 00 
North Horn 

Barren-Farrer-
Tusher  0 . 3- . 003  3225 1 95 5 . 3- 3 . 9  30- 1 00 

Coa 1 y-Nes 1 en 0 . 3- . 00 1  3655 2 1 4 5 . 6 - 3 . 3 25- 1 00 

C a s t 1 egate 0 . 1 - . 0003 4275 233  4 . 2-2 . 3  25-60  

c ompl e t i ng deve l opme n t  we l l s  i n  mo re than one f o rm a t i o n . Based on 
i n-place gas e s t ima te s , about 4 0  perc e n t  of the gas c o u l d  be pro
d u c ed through d u a l  c ompl e t ions . Th e areas and f o rma t ions i nvol ved 
were l i s ted in Tabl e  1 3 - 4  wi th the ave rage prod uc i ng d e p t h s  o f  
these fo rma t ions , g iven i n  Tabl e  1 3- 1 , i n  the range o f  6 , 5 0 0 - 9 , 5 0 0  
fee t .  A ba s i n  c ros s-sect ion wa s shown i n  F ig ur e  1 3- 3 . 

The s i ze s  o f  the t ig h t  gas f i e ld s  i n  the U i n t a  b a s i n  are e s t i
ma ted to be i n  the range o f  1 0  to 2 0 0  B CF . Th e i r s i z e s  and the i r  
c umul a t ive probab i l i ty o f  o c c urrence are s h own i n  F ig ur e  1 3- 5  fo r 
reservo i rs i n  the va r io u s  t igh t g a s  fo rma t ions . Th e max imum f i e ld 
s i ze w i l l  tend to be sma l l e r  for pe rme ab i l i t i e s  i n  the range o f  o .

·
3 

to 1 m i l l ida rcy and for pe rme ab i l i t i e s  l e s s  than 0 . 0 0 1  m i l l i d arcy . 
The Coa ly fo rma t ion y i e l d s  the l a rge s t  f i e l d s  w i t h  5 0  pe rcent be i ng 
i n  the 3 4  B C F  o r  l e s s  ca tegory . Two pe rcent o f  the f i e ld s  i n  three 
o f  the fo rma t ions w i l l  be 1 0 0  BCF o r  l a rg e r .  Max imum recoverabl e 
g a s from the U i n t a  bas i n  wi l l  be shown to be 1 5 . 3 T C F  w i th the 
Wa sa tch alone conta i n i ng appro x ima te l y  one th i rd of th i s  ( 5  TC F )  in  
3 6  percent o f  the prod uc t ive area . 

Geo l og i c al d a ta e s t ima te s fo r pe rmeab i l i ty po ro s i ty ,  pay , e s t i 
ma ted gas in  pl a c e , rese rvo i r  pre s s ur e , a nd o th e r  f a c to r s  d e f in i ng 
these U i n ta fo rma t ions are shown in Tab l e s  1 3- 6 ,  1 3- 1 3 ,  1 3- 2 0 ,  
1 3 - 2 7 ,  1 3 -3 4 ,  1 3 - 4 1 ,  and 1 3 - 4 8 .  The s e  d a ta we re u s ed to d e f in e  
prod u c t ion rate ve r s u s  t ime characte r i s t i c s  shown i n  Tab l e s  1 3- 7 ,  
1 3- 8 ,  1 3 -1 4 ,  1 3 -1 5 ,  1 3 - 2 1 ,  1 3 - 2 2 ,  1 3 - 2 8 ,  1 3 - 2 9 ,  1 3 - 3 5 ,  1 3 - 3 6 ,  
1 3- 4 2 ,  1 3- 4 3 ,  1 3- 4 9 ,  and 1 3- 5 0  for the four fo rma t ions ( Coaly , 
Ca s te l g a te , Wa s a tch , and Barron ) and for the three s ta c ked fo rma
t i on comb i na t ions . The base case tab l e s  ( 1 3- 7 ,  1 3- 1 4 ,  1 3- 2 1 ,  

1 3 - 1 0  



TABL E  1 3.-4 

SUB BAS I N  OF U I NTA 

MAX I MUM 
PROD U CT I V E  RECOVERABLE 

AREA GAS 
BAS I N  S UB -BAS I N  FORMAT I ON ( SECT I ONS ) (BCF) 

U i nt a  Coa l y  1 0 2 1 ' 1 55  
Ca s t  1 e gate  1 80 1 ' 1 3 1 
C oa l y  + Ca s t l egate  7 7  1 , 3 5 9  
Wasatch + C oa l y  96 2 , 1 99 
Wasatch  + Ba r ren  1 05 2 , 099 
Wasatch 428 5 , 0 1 7 
Ba r ren 1 96 2 , 3 09 

Bas i n  Tota l 1 ' 1 84 1 5 , 269 

1 3 - 2 8 ,  1 3 - 3 5 ,  1 3 - 4 2 ,  and 1 3 -4 9 )  s how prod uc t ion r a t e s  for we l l s 
w i th 1 , 0 0 0-foot frac t ur e  leng t h s . The annual g a s  prod u c t i o n  i n  
m i l l ions o f  s ta nd ard c ub i c  f e e t  pe r ye ar per we l l  a nd the c umul a
t ive produc t ion ove r a 3 0  ye ar pe r iod are g iven . The advanced case  
Tab l e s  ( 1 3 - 8 , 1 3 -1 5 ,  1 3 -2 2 ,  1 3 - 2 9 ,  1 3 - 3 6 ,  1 3 - 4 3 , and 1 3 - 5 0 ) s how 
the d a ta fo r fractures  up to 4 , 0 0 0  f e e t  in l eng t h . I n  mos t  case s , 
prod uct ion for the ad vanced c a s e  wa s 1 . 5 to 2 t ime s the prod uct ion 
for the base case . Except ions to th i s  we re g e n e r a l ly i n  the h ig h e r  
pe rme ab i l i ty areas where fract ure s gave g r e a t e r  i n i t i al prod u c t i o n  
but very r a p i d  d ec l i ne s . 

Es t ima ted f i e l d  s i ze and u l t ima te prod u c t i o n  pe r we l l  we re used 
to c ompu te the n umbe r  o f  we l ls per sect ion r eq u i red to prod uce a l l  
o f  the ga s ,  and are pr e s e n ted i n  Tab l e s  1 3- 9 ,  1 3- 1 6 ,  1 3- 2 3 ,  1 3- 3 0 ,  
1 3 -3 7 ,  1 3- 4 4 ,  and 1 3- 5 1 .  The se tabl e s  s how c ompar i son o f  recove ry 
of g a s  from a c tual we l l s unde r  curren t d r i l l i ng prac t i c e  of no more 
than four we l ls per s e c t i o n  ( ba se c a s e ) w i th up to 1 2  we l l s  pe r 
sect ion ( ad vanced c a se ) . 

The U i n ta bas i n  i s  pr ima r i ly c ompo s ed o f  l e n t i cu l a r sand s . The 
common pra c t ice tod ay o f  d r i l l i ng only one o r  two wel l s per s e c t io n  
c annot recover reasonable pe rcentag e s  o f  t h e  i n-pl a c e  ga s ,  par t i cu
larly for the s e  l en t i c ular forma t ion s .  Add i t i on a l  we l l s and frac
t ur e s  are nec e s sary to  connect sma l l  l e n s e s  to  the we l l s . 

ECONOM ICS 

Econom i c  s ummar i e s  h ave been c a l c ul a ted u s i ng a n  E&P f ul l  cyc l e  
s imul a to r  mode l . Th i s  f ul l  cyc l e  mod e l  generates  a s e t  o f  d a ta 

1 3 - 1 1  
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wh ich i nc l udes pros pe c t  ave rage s ,  bas i n  to t a l s  and d r i l l i ng records 
for e ig h t  g a s  pr i c e  l eve l s  and for d i scount rate s o f  1 0 ,  1 5 ,  a nd 2 0  
percen t .  The range o f  i n fo rma t ion ava i l able from t he se t ab l e s  may 
be i l l u s tra ted by the Wa sa tch , b a se case mod e l  input  d a ta as i s  
il lus tra ted i n  Tab l e s  1 3 - 4 1 ,  1 3 - 4 2 ,  1 3 - 4 4 ,  and 1 3 - 4 5 .  Tab l e  1 3 -4 6 
shows the r e s ul t s . Fo r Ca se No . 5 2 ,  under a m i n imum a cceptable 
d i scount rate o f  1 5  pe rcent and a gas pr i ce of  $ 5 . 0 0  pe r MC F ,  the  
expe c ted amou n t  of g a s  recove rable from the Wa s a tc h  fo rma t ion a l one 
wo uld b e  4 , 1 0 5  BCF . In d eve l op i ng th i s  amoun t o f  g a s  a to tal o f  
5 5 9  prospe c t s  wou l d  have been te s ted w i th a 4 2  p e r c e n t  s uc c e s s  
requ i r i ng a to tal o f  2 , 2 5 0  we l l s of wh i c h  1 , 3 5 3  wo uld b e  prod uc e r s . 
Und er the base c a se a max imum of four ho l e s  wo u l d  be d r i l l ed per 
sect ion wi th a frac l e ngth of 1 , 0 0 0  fee t .  Pe rme ab i l i ty traps a s  
low a s  0 . 0 0 3  md wo u l d  be d r i l l ed . The ave rag e E & P  i nv e s tme n t  for 
the total prospe c t s  d r i l l ed , bo th s ucce s s f ul and un s uc ce s s f ul , 
would be 2 . 8 3 3  MM$ w i t h  ave rag e reserve s o f  7 . 3 B C F  p e r  prospe c t . 
The average recove ry per s ucce s s f ul prospe c t  c a n  be obta i n ed a s  
follows : 

5 5 9  ( max . no . prosp . @ $ 5 . 0 0/MC F ) t ime s . 4 2 3 ( %  s uc ce s s f u l  
prosp . )  = 2 3 6  then : 4 , 1 0 5  B C F  d iv id ed b y  2 3 6 ( to t a l  s uc ce s s f ul 
prosp . } = 1 7 4  B CF/prospe c t  

At the pr i c e  of $ 5 . 0 0  per M C F  t h e  ma x imum recove rable G I P  would 
be 5 , 0 1 7  BCF . Howeve r ,  th i s  amoun t would be re cover ed o n ly if  up 
to 1 2  we l l s pe r s e c t ion we re to be d r i l l ed w i th frac c apab i l i ty o f  
4 , 0 0 0 1 l e ng t h  - the ad vanced c a se f ul ly d evel oped . 

1 3 - 1 3  
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� SUB-BAS I N  

U i nta 

1-' 
w 

I 
1-' 
lJl 

Bas i n  Tota l 

TABLE  1 3- 5  

SUMMARY OF U I NTA BAS I N  GAS POTENT I AL 

( BC F )  

BASE 
FORMAT I ON $2 . 5 0 $5 . 0 0  $9 . 00 

Coa l y  1 03 1  1 07 9  1 0 7 9  
C a s t  l egate 0 835 979 
Coa l y  + C a s t l egate 1 359 1 3 59 1 359 
Wasatch + Coa l y  2067 2067 2067 
Wasatc h  + Barren 1 986 1 986 1 986 
Wasa tch 4 1 05 4 1 05 4 1 05 
B a r ren 1 6 72 1 80 5  1 80 5  

1 2220 1 3236 1 3380 

ADVANCED  
$2 . 5 0  $5 . 00 $9 . 0 0  

1 1 5 5  1 1 5 5 1 1 5 5  
1 060 1 1 3 1  1 1 3 1  
1 359 1 359 1 359 

2 1 99 2 1 99 2 1 99 
209 9 209 9 2099 
4 833 50 1 7  50 1 7  
20 54 2309 2309 

1 4 7 59 1 5269 1 5269 



1-' w I 1-' 
"" 

TOTAL BAS I N  AREA ( SECT l ONS ) :  
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : 5 .  

AVERAGE PRODUCT l V E 
PERM . AREA 
(MD ) ( SECT I ONS ) 

0 . 3  1 

o .  1 8 

0 . 03 24 

0 . 0 1 3 5  

0 . 003 26 

0 . 00 1 8 

1 02 

H/C GAS 
POROS I TY 

( % ) 

5 . 6 

4 . 8  

4 . 0  

3 . 7  

3 . 5 

3 . 3  

NET PAY 
TH l CKNESS 

( FT . ) 

25  

38 

60 

76 

90 

1 00 

TABLE 1 3-6 

GEOLOG I CAL DATA SUMMARY 

BAS I N : U i nta 
SUI::313AS I N : 
FORMAT I ON :  Coa l y  

EST I MATED MAX . 
GAS I N  P LACE AT �ECOVERABLE 
RESERVO lR  COND . GAS 

( BCF ) ( 1::3CF ) 

8 . 08 8 

84 . 1 8  70 

332 . 29 260 

567 . 78  408 

472 . 48 3 1 5  

1 52 . 30 94 -

1 6 1 7 . 1 1 55  

DEPTH ( FT .  ) : 8500 
PRESSURE <PS I A ) : 36 55  
TEMPERATURE ( ° F ) : 2 1 4  

FOR EACH DR l LL I NG LOCAT l ON W/C : 
PROBAB l L l TY PROBAB l U TY THAT W/C I S  

THAT STATE OF PRODUCT l V E ,  G I V EN THAT 
NATURE I S  STATE OF NATURE l S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

o . 1 0  1 . o  

0 . 30 1 . o  

0 . 45 1 .  0 

0 . 5 5  1 . o  

0 . 65 1 . o 

0 . 70  1 . o  



TABL E  1 3- 7  
w E L L  P R O D U C T I ON S U M M A R Y- - B A S E  C A S E 

U I N T A ,  C O A L Y  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3 0 . 1  0 . 0 3 o .  0 1  0 . 0 0 3 0 . 0 0 1  0 . 0 0 0 3  
Y E A R  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

1 1 2 0 0 1 0 1 9  7 8 2 5 3 5  3 1 9 1 9 4 

2 8 7 1  7 1 4  4 9 9 3 2 5  1 7 9 1 0 5  
f-' 
w 

I 
f-' ' 4 8 9  4 7 6  3 5 5  2 1 3  1 1 8 6 4  .....j 

1 0  2 5 3  3 0 2  2 7 1  1 6 9 8 8  4 9  

1 5  1 6 1 2 1 9 2 1 9 1 4 7  7 6  4 1  

2 0  1 0 9 1 5 9 1 8 5  1 3 2 6 9  3 6  

3 0  6 8  9 9 1 3 6 1 0 9 6 1  3 1  

3 0 - Y E A I< 
C U M M . 
P R O D .  7 9 6 3  8 6 0 5  7 6 5 6 5 1 5 7  2 7 9 0  1 5 4 8  

( M M C  F ) 



TABLE  1 3-8  
W E L L  P R O D U C T I O� S U M M A R Y - - A D V A N C E D  C A S E  

U I N T A , C O A L Y  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 1 6  7 5  1 5  8 1  1 8 9 1  1 4 6 7  1 0 7 3  6 9 3  

2 1 2 0 7  1 0 6 4 1 2 6 5  9 2 9  6 1 7  3 8 5  
I-' 
w 
I 

I-' 5 7 6 9  7 1 0 8 3 9 5 9 8  3 8 4  2 2 7 00 

1 0  4 7 0 4 9 1  5 9 8  4 3 7  2 7 8 1 2 7  

1 5  3 3 1  3 8 2  4 6 9  3 6 1  2 2 9  1 8 5 

2 0  2 4 3  2 9 8  3 9 0  3 1 1 2 0 1  1 4 7  

3 0  1 4 4 2 0 8  2 7 6  2 4 7 1 6 5  1 0 0  

3 0 - Y r:: A R  
C U f'i M . 
P R O D . 1 3 6 3 2  1 4 1 2 2  

C M M C F ) 
1 7 2 0 6  1 3 2 5 2  8 6 4 6 5 2 2 7  



TABLE 1 3- 9  

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N : -
FORMAT I ON :  Coa l y  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WELLS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO  PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS I MAX=4 l ( BCF ) ALL GAS I MAX= 1 2 l  < BCF ) 

I-' 
w 
I . 3  

I-' 
. 87 1 4 . 87 1 4 8 . 509 1 . 509 1 8 

1..0 

• 1 . 99 59 . 99 59 70 . 6068 . 6068 70 

. 03 1 . 39 1 1 . 39 1 260 . 6 1 89 . 6 1 89 260 

. o  1 2 . 278  2 . 278 408 . 8866 . 8866 408 

• 003 4 . 4 1 9  4 • 28 5 1 . 4259 1 . 4259 3 1 5  

• 00 1 7 . 7 9 1  4 • 48 2 . 307 2 . 307 94 

1 079 1 1 5 5  
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TABLE 1 3- 1 0  

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Coa l y  

Geo l ogy  a n d  Geop hys i cs ( $/Pr os pect ) 

D r i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Ca se [ 1 000 Ft . F ractu re ) 
- Ad vanced Cas e  [ 2000/4000 Ft . Fract ure ) 

S u r f a ce Eq u i pment ( $/We I I )  

A n n ua l Operat i ng E x pe n se ( $/We i I )  

Compressor Fue l Cost , Rat i o  of  Cost to 

W . l .  Ga s Revenue 

2 0 , 000 

666 , 000 

1 04 , 000 - 2 5 1 , 000 
1 32 , 000  - 930 , 000 

4 5 , 000 

1 0 , 000 

. 0274 



1-' 
w 
I 

N 1-' 

TABLE  

BAS I N  U i n t a  

SUB BAS I N  FORMAT I ON Coa l y  

AVERAGE PER PROSPECT 
PROF I T .  K-LEVELS E & P GAS NET PRE S .  

GAS PR I C E PROS P . ON STREAM I NVEST . PROD . VALUE 
CASE NO .  S/MCF _J__ NO . VALUE * _ili_ � �M 

� i scoun t Ra te  1 0% 
1 003 1 1 1  I .  50 30 . 6  4 ABCD 3268 1 0 . 502 1 249 

2 1  2 . 50 48 . 2  5 ABC DE 6 1 88 1 7 .020 4495 
3 1 3 .  1 0  54 . 8  6 ABCDEF 7066 1 8 . 243 6427 
4 1  3 . 50 54 . 8  6 ABCDEF 7066 1 8 . 243 7658 
5 i 5 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  1 22 76 
6 1  7 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  1 8433  
7 1  9 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  24590 
8 1  1 2 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  3 3825 

D i scou n t  Rate 1 '1. 
1 2  1 .  50 30 . 6 4 ABCD 3268 1 0 . 502 481 
22 2 . 50 48 . 2 5 ABC DE 6 1 88 1 7 . 020 2489 
3 2  3 .  1 0  48 . 2  5 ABC DE 6 1 88 1 7 . 020 3660 
42 3 . 50 48 . 2 5 ABC DE 6 1 88 1 7 . 020 444 1  
5 2  5 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  7684 
62 7 . 00 54 . 8 6 ABCDEF 7066 1 8 . 243 1 1 840 
72 9 . 00 54 . 8  6 ABCDEF 7066 1 8 . 243 1 5996 
82 1 2 . 00 54 . 8 6 ABCDEF 7066 1 8 . 24 3  22229 

D i scoun t Rate 20% 
1 3  1 .  50  30 . 6  4 ABCD 3268 1 0 . 502 65 
23 2 . 50 48 . 2  5 ABC DE 6 1 88 1 7 . 020 1 4 1 2  
3 3  3 .  1 0  48 . 2  5 ABC DE 6 1 88 1 7 . 020 2265 
43 3 . 50 48 . 2 5 ABC DE 6 1 88 1 7 . 020 2833 
53  5 . 00 54 . 8  6 ABCDEF 7066 1 8 . 243 5 1 59 
63 7 . 00 54 . 8  6 ABCDEF 7066 1 8 . 24 3  8 1 86 
73 9 . 00 54 . 8  6 ABCDEF 7066 1 8 . 243 1 1 2 1 3  
83 1 2 . 00 54 . 8  6 ABCDEF 7066 1 8 . 243  1 5753 

B C D E F * COD E :  A 
0 0 . 1 0 . 03 0 . 0 1 0 . 003 0 . 00 1  

1 3- l l  

ECONOM I CS SUMMARY 
TECHNOLOGY Base Case 

DATE 1 0/79 

BAS I N  TOTALS WELLS 
DCF RATE MAX N O .  W I LDCAT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT % AT PR I C E  8CF  G I P  BCF  AT PR I CE % DRY �- DRY � TOTAL 

2 1 . 0 746 746 7 1  30 . 6  49 2 2  34 1 35 240 
37 . 0  1 0 3 1  1 06 1  6 1  48 . 2  32 29 68 2 7 1  399 
4 5 . 2  1 079 1 1 55  59 54 . 8  27  32 76 305 440 
5 1 . 4  1 079 1 1 55 59 54 . 8  27  32 76 305 440 
72 . 2  1 079 1 1 55 59 54 . 8  2 7  32 76 305 440 
9 5 . 8  1 079 1 1 55 59 54 . 8  27  32  76  305 440 

1 1 5 . 9  1 079 1 1 55 59 54 . 8  27  32 76 305 440 
1 4 1 . 9  1 079 1 1 55  59 5 4 . 8  2 7  32 76 305 440 

2 1 . 0 746 746 71 30 . 6  49 22 34 1 35 240 
37 . 0  1 0 3 1  1 06 1  6 1  48 . 2  32 29 68 2 7 1  399 
46 . 4  1 0 3 1  1 0 6 1  6 1  48 . 2  32 29 68 27 1  399 
5 2 . 4  1 0 3 1  1 06 1  6 1  48 . 2  32 29 68 2 7 1  399 
72 . 2  1 079 1 1 55 59 54 . 8  27  32 76 305 440 
9 5 . 8  1 079 1 1 55  59 54 . 8  27  32 76 305 440 

1 1 5 . 9  1 079 1 1 55 59 54 . 8  27  32 76 305 440 
1 4 1  . 9  1 0 79 1 1 55 59 54 . 8  27  32 76 305 440 

2 1 . 0  746 746 7 1  30 . 6  49 22 34 1 35 240 
3 7 . 0  1 0 3 1  1 06 1  6 1  48 . 2  32 29 68 271 399 
46 . 4  1 0 3 1  1 0 6 1  6 1  48 . 2  32 29 68 27 1  399 
5 2 . 4  1 0 3 1  1 06 1  6 1  48 . 2 32 29 68 2 7 1  399 
]2 . 2  1 079 1 1 55 59 54 . 8  27  32 76 305 440 
95 . 8  1 079 1 1 55 59 54 . 8 27  32 76 305 440 

1 1 5 . 9 1 079 1 1 55 59 54 . 8  27  32 76 305 440 
1 4 1  . 9  1 079 1 1 55  59 54 . 8  27  32 76 305 440 



TABLE  1 3- 1 2 

ECONOM I CS SUMMARY 
BAS I N  U i nta 

TECHNOLOGY Advanced Case 
SUB BAS I N  FORMAT I ON Coa l DATE 1 0/ 79 

AVERAGE PER PROSPECT BAS I N  TOTALS \/ELLS 
PROF I T . K-LEVELS E-& p GAS NET PRE S .  D C F  RATE MAX N O .  W i LDCAT 

GAS PR I C E  PROS P . ON STREAM I N VEST . PROD .  VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP . SUCCESS Ill LDCAT DEVELOP�IENT 
CAS E NO . S /MCF __ %_ NO . VA LUE f< _i!i_ _lli_ �M % AT PR I CE,j!CF G I P  BCF  AT PR I CE % DRY PROD .  Q.!r!_ PROD . TOTAL 

D i scount  Ra te 1 0% 
1 0032 1 1  1 .  so 54 . 8  6 ABCDEF 5036 1 8 . 824 3256 3 4 . 4  1 1 55 1 1 55 6 1  5 4 . 8  28 33 28 1 1 2 20 1  

2 1  2 . 50  54 . 8  6 ABCDEF 5036 1 8 . 824 6983 59 . 9  1 1 55 1 1 55 6 1  54 . 8  28 33 28 1 1 2 20 1 
3 1  3 . 1 0  54 . 8 6 ABCDEF 5036 1 8 . 824 92 1 9  7 3 . 7  1 1 55 1 1 5 5  6 1  54 . 8  28 33 28 1 1 2 20 1 
4 1  3 . 50 54 . 8  6 ABCDEF 5036 1 8 . 824 1 0709 82 . 3  1 1 55 1 1 55 6 1  54 . 8  28 33 28 1 1 2 201  
5 1  5 . 00 54 . 8  6 ABCDEF 5036 1 8 . 824 1 6 300 1 1 1  . 6  1 1 55 1 1 55 6 1  54 . 8  28 33 28 1 1 2 20 1 
6 1  7 . 00 54 . 8  6 ABCDEF 5036 1 8 . 824 23753 1 4 5 . 2  1 1 55  1 1 55 6 1  54 . 8 28 33 28 1 1 2 20 1 
7 1  9 .  00 54 . 8  6 ABCDEF 5036 1 8 . 824 3 1 207 1 74 .!\  1 1 55 1 1 55 6 1  54 . 8  2 8  3 3  28 1 1 2 20 1 
8 1  1 2 . 00 54 . 8  6 ABCDEF 5036 1 8 . 824 42387 2 1 3 . 8  1 1 55 1 1 55 6 1  54 . 8  28  33 28 1 1 2 20 1  

f--J D i scount  Rate 1 �/, 
w 1 2  1 .  50 46 . 2  5 ABC DE 4 1 82 1 6 . 907 1 728 34 . 6  1 06 1  1 06 1  6 3  48 . 2  33  30 22 90 1 75 

I 22 2 . 50 54 . 8  6 ABCDEF 5036 1 8 . 824 4468 59 . 9  1 1 55 1 1 55 6 1  54 . 8  28 33 28 1 1 2 20 1  
N 32  3 .  1 0  5 4 . 8  6 ABCDEF 5036 1 8 . 824 6048 7 3 . 7  1 1 55  1 1 55  6 1  54 . 8  28 33 28  1 1 2 20 1  
N 42 3 . 50 54 . 8  6 ABCDEF 5036 1 8 . 824 7 1 0 1  82 . 3  1 1 55  1 1 55  6 1  54 . 8  28  3 3  28  1 1 2 20 1  

5 2  s . oo 54 . 8  6 ABCDEF 5036 1 8 . 824 1 1 050 1 1 1 . 6 1 1 55  1 1 55  6 1  54 . 8  28  33 28  1 1 2 20 1  
62  7 . 00 5 4 . 8  6 ABCDEF 5036 1 8 . 824 1 6 3 1 6  1 45 . 2  1 1 55 1 1 55 6 1  54 . 8  28  3 3  28  1 1 2 20 1  
72  9 . 00 54 . 8  6 ABCDEF 5036 1 8 . 824 2 1 582 1 74 . 8  1 1 5 5  1 1 5 5  6 1  54 . 8  28  33 28  1 1 2 20 1 
82  1 2 . 00 54 . 8  6 ABCDEF 5036 1 8 . 824  29481 2 1 3 , 8  1 1 55 1 1 5 5  6 1  54 . 8  28  33 28  1 1 2 20 1  

D i scount  Rate  20% 
1 3  1 .  50 48 . 2  5 ABC DE 4 1 82 1 6 . 907 985 3 4 . 6  1 06 1  1 06 1  6 3  48 . 2  33  30 22 90 1 75 
23  2 . 50 5 4 . 8  6 ABCDEF 5036 1 8 . 824  302 5 59 . 9  1 1 55  1 1 55  6 1  54 . 8  2 8  33 28 1 1 2 20 1  
33  3 .  10  5 4 . 8  6 ABCDEF 5036 1 8 . 824  42 1 9  73 . 7  1 1 55 1 1 55  6 1  54 . 8  28  33 28 1 1 2 20 1  
43 3 . 50 54 . 8  6 ABCDEF 5036 1 8 . 824  50 1 5  82 . 3 1 1 55  1 1 5 5  6 1  54 . 8  28  33 28 1 1 2 20 1  
5 3  5 . 00 54 . 8 6 ABCDEF 5036 1 8 . 824  8000 1 1 1 . 6 1 1 55  1 1 55  6 1  54 . 8  28  3 3  28  1 1 2 2 0 1  
63 7 . 00 54 . 8 6 ABCDEF 5036 1 8 . 824  1 1 98 1  1 45 . 2  1 1 55 1 1 55  6 1  54 . 8  28  33 28  1 1 2 20 1  
73  9 . 00 54 . 8 6 ABCDEF 5036 1 8 . 824 1 596 1 1 74 . 8  1 1 55  1 1 55  6 1  5 4 . 8  28  33 28  1 1 2 20 1 
83 1 2 . 00 5 4 . 8  6 ABCDEF 5036 1 8 . 824  2 1 9 3 1  2 1 3 . 8  1 1 55 1 1 55  6 1  54 . 8  28  33  28  1 1 2 20 1  

* CODE : A B C D E F 
0 . 3 0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  



f-' 
w 

I 
I\.) 
w 

TOTAL BAS f N  AREA ( S ECT I ONS ) : 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) : 5 .  

AVERAGE PRODUCT I V E 
PERM.  AREA 
(MD )  ( SECT I ONS ) 

0 0 1 3 

O o 03 1 6  

O o 0 1  4 1  

O o 003 67 

O o 00 1  39 

O o 0003 1 4  
--

1 80 

H/C GAS 
PORO S I TY 

( % )  
4 o 2  

3 o 6 

3 o 2 

2 o 8 

2 o 55  

2 o 3  

NET PAY 
TH I CKNESS 

( FT . ) 

25  

36 

50 

54 

57  

60 

TABLE l 3-l3  

GEOLOG I CAL DATA SUMMARY 

BAS I N : U i nta 
SUBBAS I N : 
FORMAT I ON :  Cast l egate 

EST I MATED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  CONO . GAS 

< BCF ) ( BCF ) 

1 9 o 7 5  1 1  

1 30 o 0 1  1 00 

4 1 1 o 3 1  298 

63 5 0 1 8  426 

355 o 42 225 

1 2 1  0 1 4 7 1  
--

1 67 3 o  1 1 3 1  

DEPTH ( FT . ) :  9500 
PRESSURE (PS f A ) : 4275  
TEMPERATURE ( ° F ) : 233 

FOR EACH DR l LL I NG LOCAT f ON W/C : 
PROBA8 l U  TY PROBAB I L f TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G l VEN  THAT 
NATURE l S  STATE O F  NATURE I S  PROD 

PRODUCT I V E  1 st W/C 2 n d  W/C 

0 0 1 0  1 o O  

O o 20 1 o 0 

O o 35 1 o O  

O o 4 5  1 o O  

O o 55 1 o O  

O o 6 5  1 . 0 



TABLE  1 3- 1 4 
W f l l  P R O D U C T I ON S U M M A R Y- - B A S E C A S E  

U I N T A , C A S T L E G A T E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1  o . o 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  < M D )  
Y E A R  

1 7 5 5  5 2 3  3 8 3  1 9 8  1 1 1  5 9  

2 5 2 8  3 3 9 2 3 2  1 1 5 6 1  3 2  
1-' 
w 

I 
N 5 3 2 9  2 3 9 1 5 7 7 4 4 0  1 9  oi'> 

1 0 1 9 4 1 7 5  1 2 4  5 6  2 9  1 3  

1 5  1 2 8  1 3 8 1 0 6 4 9  2 4  1 2  

2 0  9 6  1 1 0 9 4  4 5  2 2  1 0  

3 0  5 5  8 0 7 6  3 9  1 9  9 

3 0 - Y E A R  
C LJ M M , 
P R O D . 

( M M C F ) 
5 6 4 3  4 9 1 3  3 7 0 1  1 7 9 3  9 1 7 4 5 2  



TAB LE  1 3- 1 5 
W E L L  P R O D U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

U I N T A ,  C A S T L E G A T E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K c 0 . 3  0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  o . o o o 3  o . o o o 1  o . o o o o 3  o . o o o o 1  l � D )  
Y E A R  

1 1 1 6 4 1 2 8 3  1 0 6 2  6 7 2  4 0 2  2 2 5  

f-' 2 7 7 6  8 5 0  6 7 3  3 8 6  2 2 1  1 2 1  
w 
I 

1\.) 
ll1 

5 5 0 4  5 5 0 4 2 8  2 3 7  1 3 4  7 0  

1 0 3 3 2 3 8 1  3 0 9  1 7 1  9 4  4 9  

1 5  2 4 0 2 9 1  2 5 0 1 4 2 7 8  4 1  

2 0 1 9 0  2 2 8  2 1 6 1 2 3  7 0  3 6  

3 0  1 2 2 1 6 1  1 6 6 1 0 2 5 7  2 9  

3 0- Y E A R 
C LW M . 
P R O D . 9 5 2 9  1 0 8 9 4  9 2 7 4  5 3 7 0  3 0 3 0 1 6 1 0 

( M M C F )  



TABLE  1 3- 1 6  

PRODUCT I ON WEL L  REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Ca st l egate 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO  PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USEU ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 < BCF ) ALL GAS [ MAX= I 2 1  ( BCF ) 

...... 
w 

• 1 . 94 . 94 1 1  . 5593 . 5 593 1 1  I 
N 
()) 

. 03 1 . 266 1 . 266 1 00 . 5709 . 5709 1 00 

. o  1 1 . 9 5  1 .  9 5  298 • 7 784 • 7 784 298 

. 003 3 . 567 3 . 567 426 1 .  1 9 1 8  1 .  1 9 1 8  426 

. 0 0 1  6 . 2 59 4 .  1 44 1 .  894 4  1 . 8944 225 

. 0003 1 1 .  1 7  4 .  26 3 .  1 409 3 .  1 409 7 1  

1 005  1 1 3 1  
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TABLE 1 3- 1 7  

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Cast l egate 

Geo l ogy  a n d  Geop hys i cs ( $/Pr os pect ) 

Dr i l l i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

- B a se Case [ 1 000  Ft . F ractu re ) 
Advanced Case [ 2000/4000 Ft . Fracture ) 

Surface  Eq u i pment ( $/We I I )  

A n n ua l O perat i ng Expense ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of  Cost to 

W . l .  Gas Revenue 

20 , 000 

84 1 , 000 

1 09 , 000  - 1 35 , 000 
1 38 , 000 - 462 , 000 

4 5 , 000 

1 0 , 000 

. 0274 
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TABLE  1 3- 1 8  

ECONOM I CS SUMMARY BAS I N  
SUS BAS I :1 FORMAT I ON �iiH 1�9ilt� 

AVERAGE PER PROS PECT BAS IN TOTALS 

GAS PR I CE 
CASE NO . S/MCF 
D i scou n t  Ra t e  l Oh 
1 0041  1 1  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

I .  50 
2 . 50 
3 . I 0 
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scoun t Rate  1 �/, 
1 2  1 . 50 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scou n t  Rate 20% 
1 3  1 .  50 
23 2 . 50 
33 3 . 10  
43 3 . 50 
53  5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

PROF I T . 
PROS P . 
__..X_ 

1 0 . 6  
1 0 . 6  
2 5 . 6 
2 5 . 6  
38 . 9  
38 . 9  
38 . 9  
44 . 4 

1 . 2 
1 0 . 6  
1 0 . 6  
2 5 . 6  
2 5 . 6  
38 . 9  
38 . 9  
38 . 9  

1 . 2 
1 0 . 6  
1 0 . 6  
1 0 . 6  
2 5 . 6  
25 . 6  
38 . 9  
38 . 9 

K -LEVELS E & P 
ON STREAM I NVEST . 
NO . VALUE * .J..t1__ 

3 BCD 2 592 
3 BCD 2 592 
4 BCDE 5823 
4 BCDE 5823 
5 BCDEF 970 1 
5 BCDEF 970 1 
5 BCDEF 970 1 
6 BCDEFG 1 02 20 

2 BC 1 2 79 
3 BCD 2592 
3 BCD 2 592 
4 BCOE 5823 
4 BCOE 5823 
5 BCOEF 9701  
5 BCOEF 9701  
5 BCDEF 9701  

2 BC 1 279 
3 BCD 2592 
3 BCD 2 592 
3 BCD 2592 
4 BCOE 5823 
4 BCOE 5823 
5 BCOEF 970 1 
5 BCOEF 970 1  

* COD E :  B C 0 E F G 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 

GAS NET PRE S .  D C F  RATE 
PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 
....!l.f£__ �M % AT PR I C E  SCF G I P  BCF  

3. 390 - 367 5 . 7  
3 . 390 236 1 2 . 5  409 409 
7 . 1 90 1 35 5  1 8 . 4  835 835 
7 . 1 90 1 866 2 1 . 5 835 835 

1 0 . 1 1 0 4298 28 . 6  979 1 060 
1 0 . 1 1 0 7704 4 3 . 6 979 1 060 
1 0 . 1 1 0 1 1 1 1 0 5 7 . & 979 1 060 
1 0 . 320  1 6 395 75 . 8  1 005  1 1 3 1 

0 . 1 40 - 705 0 -
3 . 390 - 1 67 1 2 . 5 
3 . 390 77 1 6 . 1 409 409 
7 . 1 90 72 3 2 1 . 5  835 835 
7 . 1 90 2 0 1 6  32 . 8 835 835 

1 0 . 1 1 0 4403 4 3 . 6 979 1 060 
1 0 . 1 1 0 6702 57 . 8 979 1 060 
1 0 . 1 1 0 1 0 1 50 76. 9  979 1 060 

0 . 1 40 -7 1 5 0 -
3 . 390 - 38 1 1 2 . 5  
3 . 390 - 204 1 6 . 1 
3 . 390 -87 1 8 . 3  -

7 . 1 90 1 066 32 . 8 835  835 
7 . 1 90 2 3 1 7  4 6 . 5  835 835 

1 0 . 1 1 0 4304 57 . 8 979 1 060 
1 0 . 1 1 0 68 1 0  76 . 9 979 1 060 

TECHNOLOGY Base Case 

OATE 1 0/79 

MAX NO . W i LDCAT 
PROS P .  SUCCESS W I LDCAT 

AT PR I CE % !1.!\Y. lliQ.. 

1 0 . 6  
1 2 1  1 0 . 6  1 08 1 3  
1 1 6  25 . 6  86 30 
1 1 6 2 5 . 6  86 30 
99 38 . 9  60 39 
99 38 . 9  60 39 
99 38 . 9  60 39 
97  44 . 4  54 43 

- 1 . 2  
-

1 2 1  1 0 . 6 1 08 1 3  
1 1 6 2 5 . 6  86 30 
1 1 6 2 5 . 6 86 30 
99 38 . 9  60 39 
99 38. 9  60 39 
99 38 . 9  60 39 

1 . 2 
- 1 0 . 6  

1 0 . 6  
1 0 . 6 

1 1 6 2 5 . 6  86 30 
1 1 6  25 . 6 86 30 
99 38 . 9 60 39 
99 38 . 9 60 39 

WE LLS 

DEVE LOPMENT 
DRY 

33 
1 07 
107 
168 
168 
1 68 
1 74 

33 
107 
1 07 
1 68 
1 68 
168 

1 07 
1 07 
168 
168 

PRCD . TOTAL 

1 32 285 
427 650 
427 650 
670 937 
670 937 
670 937 
696 967 

1 32 285 
427 650 
427 650 
670 937 
670 937 
670 937 

427 650 
427 650 
670 937 
670 937 



TABLE  1 3- 1 9  

ECONOM I CS SUMMARY 
BAS I N  U i nta TECHNOLOGY ilsl�iiD!;!:d CSJSe 
SUB BAS I N  FORMAT I ON Cast legate DATE I O{.Z�  

AVERAGE PER PROS PECT BAS I N  TOTALS WE LLS 
PROF I T . K-LEVELS E & P GAS NET PRE S .  D C F  RATE MAX NO .  II I LDCAT 

GAS PR I C E  PROSP . ON STREAM I N VEST . PROD . VALUE OF R ETURN GAS RECOVER . MAX RECOV. PROSP .  SUCCESS II I LDCAT DEVELOF�i!:NT 
CASE N O . VMCF __ %_ NO . VALUE * _lli_ � �M % AT PR I C E,tCF G I P  BCF  AT PR I CE % !?B.I �. !?B.I PROD . TOTAL 

D i scoun t Ra te l if/, 
1 0042 I I I .  50 2 5 . 6  4 BCDE 3388 7 . 1 90 50 1 1 4 . 7 835  835 1 1 6 2 5 . 6  86 28 34 1 36 285 

2 1  2 . 50 38 . 9  5 BCDEF 5682 1 0 . 790 2749 28 . 9 1 060 1 060 98 38 . 9 60 38 63 252 4 1 3  
3 1  3 . I 0 38 . 9  5 BCDEF 5682 1 0 . 790 4033 3 7 . 5  1 060 1 060 98 38 . 9  60 38 6 3  252 4 1 3  
4 1  3 . 50 38 . 9  5 BCDEF 5682 1 0 . 790 4890 4 3 .  I 1 060 1 060 98 38 . 9 60 38 63  252 4 1 3  
5 1  5 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 8378 6 2 .  I 1 1 3 1  1 1 3 1  1 00 44 . 4 56 44 73 290 463 
6 1  7 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 1 2873 85 . 8  1 1 3 1  I I  3 1  1 00 44 . 4 56 44 73 290 463 
7 1  9 . 00 44 . 4  6 BCDEFG 6240 I I  . 280 1 7368 1 06 . 7  I I  3 1  1 1 3 1  1 00 44 . 4  56 44 73 290 463 
8 1  1 2 . 00 44 . 4 6 BCDEFG 6240 1 1 . 280 24 1 1 1  1 34 . 3  1 1 3 1  1 1 3 1  1 00 44 . 4 56 44 73 290 463 

1--' 
D i scoun t Rate  12[o 

1 2  I .  50 25 . 6 4 BCDE 3388 7 . 1 90 - 1 8  1 4 . 7  - 2 5 . 6  
w 2 2  2 . 50 38 . 9  5 BCDEF 5682 1 0 . 790 1 42 1  28 . 9  1 060 1 060 98 38 . 9  60 38 63 2 52 4 1 3  

I 32  3 . I 0 38 . 9  5 BCDEF 5682 1 0 . 790 2323 3 7 . 5  1 060 1 060 98 38. 9  60 38 63 252 4 1 3  
N 

42 3 . 50 38 . 9  5 BCDEF 5682 1 0 . 790 2924 4 3 .  I 1 060 1 060 98 38 . 9  60 38 63 2 52 4 1 3  \.0 
5 2  5 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 5343  62 .  I 1 1 3 1 1 1 3 1 1 00 44 . 4 56 44 73 290 463 
62  7 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 8504 85 . 8 1 1 3 1 1 1 3 1 1 00 4 4 . 4  56 44 73 290 463 
72 9 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 1 1 665 1 06 . 7 1 1 3 1 1 1 3 1 I DO 4 4 . 4  56 44 73 290 463 
8 2  1 2 . 00 44 . 4  6 BCDEFG 6240 1 1 . 280 1 6406 1 34 . 3  1 1 3 1  1 1 3 1 1 00 44 . 4 56 44 73 290 463 

D i scou n t  Ra te £�/, 
1 3  I .  50 1 0 . 6  3 BCD 2 1 1 9  3 . 380 -524 8 . s 1 0 . 6  
23 2 . 50 25 . 6  4 BCDE 3388 7 . 1 90 454 27 . 4 835 835 1 1 6 2 5 . 6  86 28  34 1 36 285 
33 3 . 1 0  38 . 9  5 BCDEF 5682 1 0 . 790 1 360 3 7 . 5  1 060 1 060 98 38. 9  60 38 63 2 52 4 1 3  
43 3 . 50 38 . 9  5 BCDEF 5682 1 0 . 790 1 8 1 0  4 3 .  I 1 060 1 060 98 38 . 9  60 38 63 252 4 1 3  
53  5 . 00 4U � BCDEF �682 1 0 . 7�0 3498 6 2 . 4  1 060 1 060 

1 6� �u �g �� n 292 m 63 7 . 00 BCDEFG 240 I I  .2 0 5974 85 . 8  1 1 3 1  1 1 3 1  2 0 
73 9 . 00 44 . 4  6 BC DEFG 6240 1 1 . 280 8346 1 06 . 7  1 1 3 1 1 1 3 1 1 00 44 . 4  56 44 73 290 463 
83 1 2 . 00 44 . 4  6 BCDEFG 6240 I I  . 280 1 1 904 1 34 . 3 1 1 3 1 1 1 3 1 1 00 44 . 4  5 6  44 73 290 463 

* COD E :  B C D E F G 
0 . I 0 . 03 0 . 0 1 0 . 003 � . 00 1  0 . 0003 
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TOTAL BAS I N  AREA ( S ECT I ONS ) : 
TYPE : B l a n ket 

NGL < BBL/MMC F ) :  1 . 2 

AVERAGE 
PERM . 
( MD ) 

o .  1 

0 . 02 

0 . 0 1  

0 . 003 

0 . 00 1  

0 . 0003 

PROD UCT I V E 
AREA 

< SECT I ONS ) 

7 

1 8  

28 

1 7  

6 

7 7  

H/C GAS 
PORO S I TY 

( % ) 

* 

NET P AY 
TH I CK N E S S  

( FT • ) 

* 

TABL E  1 3- 2 0  

GEO LOG I CAL DATA SUMMARY 

BAS I N : U i n t a  
SUBBA S I N : 
FORMAT I ON :  Coa l y + C a s t l egate 

E S T t MATED MAX . 
GAS f N  P LACE AT RECO VERABLE 
R E S ERVO I R  COND . GAS 

( BC F ) < BC F ) 

2 1  . 6  1 3  

1 59 . 1 8  1 20 

5 0 5 . 08 3 5 8  

746 . 76 5 1 2  

4 28 . 9 1 2 7 0  

1 4 1  . 54 8 5  

2003 . 1 3 59 

* Ref e r  to i nd i v i d ua l f o rmat i on s  for these d a ta . 

DEPTH ( FT . ) :  ,-c 

P R E S S URE ( P S f A ) : * 

TEMP ERATURE ( ° F ) : * 

FOR EACH 
P ROBAB I L I TY 

THAT STATE OF 
NATURE I S  

PRODUCT I V E 

* 

DR I L L I NG LOCAT I ON W/C : 
P ROBAB I L I TY THAT W/C I S  
PROUUCT I V E ,  G I V E N  THAT 
STATE OF NATURE ! S  P ROD 
1 st W/C 2 n d  W/C 

* * 



TABL E  1 3- 2 1  

W E L L  P R O D U C T I ON S U M M A R Y - - B A S E  C A S E 

U I NT A # C OA L Y  + C A S T L E G A T E  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • o . "!J  0 . 1  0 . 0 3 0 . 0 1 
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

1 1 3 1 3  1 0 8 1  9 4 1  7 5 6  6 6 9 6 1 7  

2 8 7 7  6 8 9  5 8 1  4 6 5  4 1 0 3 8 1 
I-' 
w 

I 
w 5 5 6 4 4 7 5  3 9 2  3 0 9  2 7 5  2 5 4  I-' 

1 0  3 6 9 3 5 1  2 9 9 2 3 2  2 0 4 1 8 9 

1 5  2 7 2 2 8 2 2 5 0 1 9 3 1 6 9 1 5 6  

@ 
2 0  2 1,9 2 3 3  2 1 8 1 6 9  1 4 5  1 3 4  

3 0  1 5 1 1 7 7 1 7 2 1 3 6 1 1 5 1 0 5  

3 0 - Y E A R 
C U M M . 
P K O D , 1 0 8 1 9  1 0 0 8 9  8 8  7 9  6 9 6 9  6 0 9 0  5 6 2 9  

< M M C F ) 



TAB L E  1 3- 2 2  

W E L L  P R OD U C T I ON S U MM A R Y -- A D V A N C E D  C A S E  

U I NT A ,  C O A L Y  + C A S T L E G A T E 

G A S  P R O D U C T I O N  ( M M C F I Y E A R I W E l l )  

K • 0 , 3 0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 , 0 0 0 0 1  ( M D )  
Y E A R  

1 2 5 8 5 2 7 0 3 2 4 8 2  2 0 9 2 1 8 2 3 1 6 4 6  

2 1 6 79 1 7 5 2  1 5  7 5  1 2 8 9  1 1 2 3  1 0 2 3  

1--' 
w 
I 

5 1 0 8 7  1 1 3 3 1 0 1 2  8 2 0  7 1 8  6 5 4  w 
r-.:1 

1 0  7 4 8  7 9 7  7 2 6  5 8 8  5 1 1  4 6 5  

1 5  5 8 2  6 3 3  5 9 2 4 8  4 4 1 9 3 8 3  

2 0  4 7 8  5 1 6 5 0 4  4 1 2  3 5 8  3 2 4  

3 0  3 4 0  3 7 9 3 8  4 3 2 0  2 7 5 2 4 7  

3 0 - Y E A R 
C U M M , 
P R O D .  2 2 0 1 9  2 3 3 70 2 1 7 5 9  1 7 8 5 0  1 5 5 0 9 1 4 0 8 9  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WELLS/SECT I ON 
PERM . REQD . TO PRODUCE ACTUALLY USED 
(MD ) ALL GAS [ MAX=4 l 

1--' w I • 1 1 . 62 1 . 62 w w 
. 03 1 .  72 1 .  72 

. 0 1  2 . 28 2 . 28 

. 003 2 . 58 2 . 58 

. 00 1  2 . 62 2 . 62 

. 0003 2 . 45 2 . 4 5  

TABLE  1 3- 2 3  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Coa l y  + Cas t l egate 

RECOV ERABLE NUMBER OF  
GAS FROM WEL LS/SECT I ON 

ACTUAL WEL LS REQD . TO PRODUCE 
C BCF ) ALL GAS 

1 3  . 74 

1 20 . 74 

358 . 93 

5 1 2  1 . o  1 

270 1 . 03 

8 5  . 98 

1 3 59 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WEL LS 

[ MAX= 1 2 l  C BC F ) 

. 79  1 3  

. 74 1 20 

. 93 358  

1 . 0 1  5 1 2  

1 . 03 270 

. 98 85 

1 359 



I-' 
w 
I 

w 
11::> 

TA!3LE  1 3- 24 
I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Coa l y  + Cast l egate 

Geo l ogy  a n d  Geop h y s i cs ( $/Pr os pect ) 20 , 000  

Dr i l l i ng Cost ( $/We l l )  

Fracture  Cost ( $/We i I )  

Base Ca se I 1 000 F t .  Fractu re ) 
Ad van ced Cas e  1 2000/4000 Ft . Fracture ) 

Surf ace Eq u i pment ( $./We l l )  

A n n ua l Operat i ng Expense ( $/We i I )  

Compres sor F ue l Cost , Rat i o  of Cost to 

W . l .  Gas  Revenue 

84 2 , 000 

302 , 000 - 328 , 000 
823 , 000 - 1 , 1 48 , 000 

4 5 , 000 

1 0 , 000  

. 0274  



f-' 
w 

I 
w 

U1 

BAS I N  U i n t a  

S U B  BAS I N  

GAS PR I C E  
CASE N O . S/MCF 

D i scoun t Ra te l OY, 
1 005 1 1 1 1 .  so 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50  
5 1  s . oo 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scou n t  Rate 12£. 
1 2  1 .  so 
22 2 . 50 
32 3.  1 0  
42 3 . 50 
5 2  5 . 00 
62 7 . 00 
72 9 . 00 
8 2  1 2 . 00 

D i scount Rate 2�/, 
1 3  
23  
33  
43 
5 3  
6 3  
7 3  
8 3  

* CODE : 

1 .  so 
2 . 50 
3 .  1 0  
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  1 

PROF I T .  
PROS P . 
� 

44 . 4 
" 

" 

" 

" 

" 

" 

" 

44 . 4 
" 

" 

" 

" 

" 

" 

" 

38 . 9  
44 . 4  

c 
0 . 03 

" 

" 

" 

" 

" 

" 

D 
0 . 0 1  

K-LEV.ELS 
ON STREAM 
NO . VA LUE * 

6 BCDEFG 
" " 

" " 

" " 

" " 

" " 

" " 

" " 

6 BCDEFG 
" " 

" " 

" " 

" " 

" " 

" " 

" " 

5 BCDEF 
6 BCDEFG 
" " 

" " 

" " 

" " 

" " 

" " 

E 
0 . 003 

F il . 001  

TA[3LE 1 3- 2 5  

ECONOM I CS 

FORMAT I ON Coa l y+Cas t l egate 

AVERAGE PER PR05 PECT 
E & p 
I NVEST . 

..1!:L_ 
3903 

" 

" 

" 

" 

" 

" 

" 

3903 
" 

" 

" 

" 

" 

" 

" 

380 1 
3903 

" 

" 

" 

" 

" 

" 

G 
0 . 0003 

GAS 
PROD . 

� 

1 4 . 734 
" 

" 

" 

" 

" 

" 

" 

1 4 . 734 
" 

" 

" 

" 

" 

" 

" 

1 4 . 095 
1 4 . 734 

" 

" 

" 

" 

" 

" 

NET PRE S .  DCF RATE 
VALUE OF RETURN 
�M % 

1 38 1  2 1 . 6  
3562 3 8 . 7  
4870 48 . 3 
5742 54 . 3  
90 1 3  7 5 . 1 

1 3374 99 . 3  
1 7735 1 2 0 . 8  
24276 1 49 . 4  

557  2 1 . 6 
2080 38 . 7 
2994 48 . 3  
3603 54 . 3 
5888 75 . 1 
8935 99 . 3  

1 1 98 1  1 20 . 8  
1 655 1 1 49 . 4  

43 20 . 6  
1 243 38 . 7  
1 927 48 . 3  
2383 54 . 3 
4092 75 . 1  
637 1 99 . 3  
865 1 1 20 . 8  

1 2070 1 49 . 4 

SUMMARY 
TECHNOLOGY Base Case 

DATE 1 0 /79 

BAS 1 N TOTA LS WELLS 
MAX NO.  W I LDCAT 

GAS RECOVER • MAX RECOV .  PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
AT PR I C E,JCF G I P,BCF  AT PR I C E  '& DRY �- Q.!lY. PROD . TOTAL 

1 359 1 359 92 44 . 4 5 1  4 1  38 1 5 1  28 1  
" " " " " " " " 

" " " 

1 359  1 359 92 44 . 4 5 1  4 1 38 1 5 1  28 1  

" " " " 

1 2 74 1 274 90 38. 9  55  35  35 1 42 267 
1 359 1 359 92 44 . 4  5 1  4 1 38 1 5 1  28 1  



1-' 
w 

I 
w 

m 

BAS I N  

SUB BAS I N  

GAS P� I CE 
CASE tlO . S/t1CF 

D i scount Rate  I Ol, 
1 0052 1 1  1 .  50 

2 1  2 . 50 
3 1  3 . I 0 
4 1  3 . 50 
5 1  s . oo 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scount Rate  l >'l, 
1 2  I .  so 
22 2 . 50 
32 3 .  1 0  
42 3 . 50  
52 5 . 00 
62 7 . 00 
72 9 .  00 
82 1 2 . 00 

D i scount  Ra te 20% 
1 3  
23 
33  
43 
5 3  
63 
73  
83 

* CODE : 

I .  5 0  
2 . 50 
3 .  I 0 
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  I 

PROF I T . 
PROS P . 
_%_ 

44 . 4 " 
" " 
" 
" 
" " 

44 . 4 " " 
" " 
" " 
" 

44 . 4 

c 
0 . 03  

" 
" " 
" 
" 
" " 

D 
0 . 0 1  

T.I\BLE  1 3-26  

ECONOM I CS 

FORMAT I ON Coa l ytCas t l egate  

AVERAGE PER PROSPECT 
K -LEVELS E & P 
ON STREAM I NVEST . 
NO . VA LUE * ...iti_ 
6 BCDEFG 332 1 " " " 
" " " 
" " " 
" " " 
" " " 
" " " 
" " " 

6 BCDEFG 3 32 1 " " " 
" " " 
" " " 
" " " 
" " " 
" " " 
" " " 

6 BCDEFG 332 1  " " " 
" " " 
" " " 
" " " 
" " " 
" " " 
" " " 

E 
0 . 0 03 

F 
0 . 0 0 1  

G 
0 . 0003 

':AS NET PRE S .  D C F  RATE 
PR09 . VALUE OF RETURN 

...!lQ_ �M % 

1 4 . 433 2200 3 1 . 3  " 4862 56 . 0 " 6459 69 . 9 " 7523 78 . 9 " 1 1 5 1 6  1 1 0 . 2  " 1 6839 1 47 . 7 " 2 2 1 62 1 8 1 . 5  " 3 0 1 47 227 . 0 

1 4 . 433  1 263 3 1 . 3  " 3252 56 . 0 " 4445 69. 9 " 52 4 1 78 . 9 " 8224 1 1 0 . 2 " 1 2202 1 47 . 7 " 1 6 1 80 1 8 1 . 5 " 2 2 1 47 227 . 0 

1 4 . 433 695 3 1 . 3  " 2266 56 . 0  " 3208 69 . 9  " 3836 78 . 9 " 6 1 93 I I  0 .  2 " 9334 1 47 . 7 " 1 2476 1 8 1  . s " 1 7 1 89 227 . 0  

SUMMARY 
TECHNOLOGY Advanced Case 

DATE 1 0/ 79 

BAS I N  TOTALS \/ELLS 
MAX NO . Il l  LDCAT 

GAS RECOVER . MAX RECOV .  PROS P .  SUCCESS Ill  LDCAT DEVELOPMEtH 
AT PR I C E,SC F  G I P  BCF AT PR I C E % DRY PROD . � PR09 . TOTAL 

1 359 1 359 94 44 . 4  52 42 1 0  4 1 1 46 

1 359 1 359 94 44 . 4 52 42 1 0  4 1 1 46 

1 359 " " " " 

94 44 . 4 52 42 1 0  4 1 1 46 1 359 1 359 
1 359 1 359 94 44 . 4 52 42 

" " 



TABLE 1 3- 27  

GEOLOG I CA L  DATA SUMMARY 

BAS I N :  U i nta 
TOTAL BAS I N  AREA ( SECT I ONS ) : SUBBAS I N : 
TYPE : Lent i c u l a r + B l a n ket FORMAT I ON :  Wasatc h + Coa l y  

NGL C BBL/MMC F ) :  5 . 

EST I MATED MAX . 
AVERAGE PRODUCT I V E H/C GAS NET PAY GAS I N  P LACE AT RECOVERABLE 

PERM .  AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS 
CMD )  ( SECT I ONS ) ( % ) C FT . )  C BCF ) C BCF ) 

f-' 
w 

I 0 . 3 1 * * 1 8 . 1 7  1 8  
w 
-.....! 

0 . 1 8 1 84 . 00 1 53 

0 . 03 23 654 . 36 5 1 2  

0 . 0 1  33 1 06 1 . 80 763 

0 . 003 24 862 . 46 5 7 5  

0 . 00 1  8 288 . 40 1 78 

96 3069 . 2 1 99 

* Refer  to i nd i v i d ua l  format i ons tor these data . 

DEPTH C FT . ) :  * 
PRESSURE CPS I A ) : ,., 
TEMP ERATURE ( ° F ) : ,., 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF  NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

* * * 



TABLE  1 3- 28 

WE L L  P R O D U C T I ON S U M M A R Y - -B A S E  C A S E 

U I N T A ,  W A S A T C H  + C O A L Y  

G A S  P R O D U C T I O �  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( MD )  
Y E A R  

1 2 0 8 5  1 9 0 4  1 6 6 8  1 4 2 1  1 2 0 5  1 0 79 

2 1 2 1 4  1 0 5 6  8 4 2  6 6 8 5 2 2  4 4 8  
I-' 
w 

I 
w 5 6 0 6  5 94 4 7 2  3 3 0 2 3 5 1 8 1  00 

1 0  2 9 9  3 4 7 3 1 6  2 1 5 1 3 3  9 5  

1 5  1 8 6 2 4 4  2 4 4  1 7 3  1 0 1  6 7  

2 0  1 2 4  1 7 4  2 00 1 4 6 8 4  5 1  

3 0  7 6  1 0 7 1 4 3  1 1 7  6 8  3 9  

3 0- Y E A R  
C U M M . 
P R O D . 1 0 3 6 0  1 1 0 0 0  1 0 0 5 0  7 5 6 0  5 1 8 9 3 9 5 0  

( M M C F ) 



TABLE  1 3-29  

W E L L  P R O D U C T I ON S U M M A R Y- -A D V A N C E D  C A S E  

U I N T A ,  W A S A T C H  + C OA L Y  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1 0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M O )  
Y E A R  

1 2 7 2 8 2 6 3 4  2 9 4 5  2 5 2 1  2 1 2 6  1 7 4 6  

f--' 
2 1 6 3 5  1 4 9 3  1 6 9 3  1 3 5 7  1 0 4 5  8 1 4  

w 

I 
w 

1.0 5 9 3 8  8 7 8  1 0 0 7  7 6 6  5 5 2  3 9 5  

1 0  5 4 5 5 6 6  6 7 3  5 1 2  3 5 3  2 0 2  

1 5  3 7 3  4 2 4  5 1 1 4 0 3  2 7 1  2 2 7  

2 0  2 7 1  3 2 6 4 1 8 3 3 9 2 2 9 1 7 5  

3 0  1 5 8 2 2 3  2 9 1  2 6 1  1 8 0 1 1 4 

3 0 - Y E A R 
C U M M . 
P R C D .  1 6 9 1 9  1 7 4 0 9  2 0 4 9 0  1 6 5 3 9  1 1 9 3 0  8 5 0 9  

C M M C F )  



TABLE  1 3-30 

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Wasatch + Coa l y  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PER.'IIl . REQD . TO PRODUCE ACTUALLY USED ACTUAL WE LLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS I MAX=4 l ( BCF ) ALL GAS I MAX= 1 2 l  ( BCF ) 

I-' 
w 

I 
""" . 3  1 .  8 1  1 . 8 1  1 8  1 • 1 1 1 • 1 1 1 8  
0 

• 1 1 . 8 1  1 . 8 1  1 53 1 .  1 4  1 .  1 4  1 53 

. 03 2 . 2 1  2 . 2 1 5 1 2 1 .  08 1 .  08 5 1 2 

. o  1 3 . 09 3 . 09 763 1 . 4 1  1 . 4 1  763 

. 003 4 . 62 4 . 498 2 . 0 1  2 . 0 1  575  

. 00 1  5 . 87 4 .  1 2 1  2 . 72 2 . 72 1 78 --

2065 2 1 99 
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w 

I 
,j:::. 
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TABLE 1 3-3 1  

I NV E STMENT AND OPERAT I NG EXPENSES  

BAS I N : U i nta 
SUB-BAS I N : 
FORMAT I ON :  Wasatch + Coa l y  

Geo l ogy  a n d  Geop hys i cs ( $/Pros pect ) 20 , 000 

D r i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i f )  

Base  Case [ 1 000 Ft . Fractu r e ]  
Ad va n c ed C a s e  1 2000/4000 Ft . Fractur e ]  

Surface Eq u i pment ( $/We l l )  

An nua l Operat i ng E x pe n se ( $/We i f )  

Compres sor  Fue l Cos t , Rat i o  of Cost to 

W . l .  Ga s Revenue 

666 , 000 

309 , 000 
539 , 000 - 1 , 337 , 000  

4 5 , 000 

1 0 , 000 

. 0274 



f-' 
w I 
w::. 
1\..) 

BAS I N  U i nta 

SUB BAS I N  

GAS PR I CE 
CASE N O . VMCF  

D i scount  Rate  l if4 
1 0061 I I  

2 1  
3 1 
4 1  
5 1  
6 1 
7 1  
8 1  

I .  50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 .  00 
9 . 00 

1 2 . 00 

D i scount  Rate  127o 
1 2  I .  50 
22 2 . 50 
3 2  3 . 1 0  42 3 . 50 
5 2  5 . 00 
62 7 . 00 
72 9 . 00 
82  1 2 . 00 

D i scount  Ra te  2if4 
1 3  
23  
3 3  
43 
5 3  
63 
73 
83 

* COD E :  

I .  5 0  
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 .  00 

1 2 . 00 

A B 
0 . 3 0 .  I 

PROF I T .  
PROS P .  

__ % __ 

54 . 8  
" 
" 
" 
" 
" 
" 
" 

54 . 8 
" 
" 
" 
" 
" 
" 
, ,  

54 . 8  
" 
" 
" 
" 
" 
, ,  
" 

c 
0 . 03  

D 
0 . 0 1  

TABLE 1 3- 32  

ECONOM I CS 

FORMAT I ON Wa satch + Coa l� 

AVERAGE PER PROSPECT 
K-LEVELS E & p 
ON STREAM I NVEST . 
NO . VALUE * _it!_ 
6 
" 
" 
" 
" 
" 
" 
" 

6 
" 
" 
" 
" 
" 
" 
" 

6 
" 
" 
" 
" 
" 
" 
" 

ABCDEF 
" 
" 
" 
" 
" 
" 
" 

ABCDEF 
" 
" 
" 
" 
" 
" 
" 

ABCDEF 
" 
" 
" 
" 
" 
" 
" 

E 
0 .  003 

r 
0 . 00 1  

2 776 
" 
" 
" 
" 
" 
" 
" 

2776 
" 
" 
" 
" 
" 
" 
" 

2776 
" 
" 
" 
" 
" 
" 
" 

GAS 
PROD . 

� 

1 2 .1 74 
" 
" 
" 
" 
" 
" 
" 

1 2 -1 74 
" 
" 
" 
" 
" 
" 
" 

1 2 .1 74 
" 
" 
" 
" 
" 
" 
" 

NET PRES . DCF RATE 
VALUE OF RETURN 
�M '& 

1 809 38 . 9  
3957 70 . 9  
5245 88 . 2  
6 1 04 99 . 0  
9326 1 36 .  I 

1 362 1 1 78 . 6  
1 79 1 6  2 1 5 . 9  
24359 264 . 9 

1 1 22 38 . 9  
2742 70 . 9  
3 7 1 4  88 . 2  
4362 99 . 0  
6792 1 36 .  I 

I 0032 1 78 . 6  
I 3272 2 1 5 . 9  
1 8 1 32 264 . 9  

706 38 . 9  
1 996 70 . 9  
2770 88 . 2 
3286 99 . 0  
522 1  1 36 .  I 
780 1 1 78 . 6  

I 0381  2 1 5 . 9  
1 42 5 1  264 . 9  

SUMMARY 
TECHNOLOGY Base 

DATE Ha� 1 980 

BAS I N  TOTALS WELLS 
MAX NO . W I LDCAT 0 

GAS RECOVER . MAX RECOV .  PROSP . SUCCESS W I LDCAT DEVELOPMENT 
AT PR I C E1BCF G I P  BCF  AT PR I C E  '& Q!rL PROD . Q!rL PROD . TOTAL 

2067 2 1 99 1 70 54 . 8 77 93 46 1 85 40 1  

2067 2 1 99 1 70 54 . 8 77 93 46 1 85 40 1  

2067 2 1 99 1 70 54 . 8  77 93 46 1 85 401  



f--J 
w 

I """ 
w 

BAS I N  U i nta 

SUB BAS I N  

GAS PR I CE 
CASE N O . �/MCF 

D i scount Rate l ifk 
10062 1 1  

2 1  
3 1  
4 1  
5 1  
6 1 
7 1  
8 1  

I .  50 
2 . 50 
3 . 1 0  
3 . 50  
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scoun t Rate 1�k 
1 2  1 .  50 
22 2 . 50 
32 3 . 10  
42 3 . 50  
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2ifk 
1 3  
23 
33 
43 
5 3  
63 
73  
8 3  

* CODE : 

I .  50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

A B 
0 . 3 0 . I 

PROF I T . 
PROSP . 
_l__ 
54 . 8  " 

" " " 
" " 
" 

54 . 8  " 
" " " " 
" " 

54 . 8 " 
" 
" 
" 
" 
" 
" 

c 
0 . 0 3  

D 
0 . 0 1 

TABLE  1 3- 3 3  

ECONOM I CS SUMMARY 
TECHNOLOGY 

FORMAT I ON \ol��ilts;b + ���ill:.! DATE 

AVERAGE PER PROSPECT BAS I N  TOTALS 
K-LEVELS E & p 
ON STREAM I NVEST. 
NO.  VALUE * .J..!L_ 
6 ABCDEF 2894 " " " " " " " " " " " " 
" " " " " " " " " 

6 ABCDEF 2894 " " " " " " " " " " " " " " " " " " " " " 

6 ABCDEF 2894 " " " " " " " " " 
" " " " " " " " " " " " 

E 
0 . 003 

F 
0 . 00 1  

GAS NET PRES . 
PROD . VALUE 
� �M 

1 2 . 827 2460 " 5 1 36 " 6741  " 781 1 " 1 1 824 " 1 7 1 76 " 22527 " 30553 

1 2 .a27 1 646 " 3733 " 4985 " 5820 " 8950 " 1 3 1 25 " 1 7300 " 23561  

1 2 -82 7 1 1 2 3 " 2825 " 3847 " 4528 " 7081 " 1 0486 " 1 389 1 " 1 8998 

DCF RATE MAX NO , 
OF RETURN GAS RECOVER • MAX RECOV, PROSP .  

Xi AT PR I CE,BCF G I P,BCF AT PR I CE 

46 . 0  2 1 99 2 1 99 1 7 1 
8 3 . 4 

1 04 . 2  
1 1 7 . 5  
1 63 . 2  
2 1 6 . 8  
264 . 1  
326 . 5  

46 . 0  2 1 99 2 1 99 1 7 1 
83 . 4  " " " 

1 04 . 2  
1 1 7  . s 
1 8 3 . 2  
2 1 6 . 8  
264 . 1 
326 . 5  

46 . 0  2 1 99 2 1 99 1 7 1 
8 3 . 4  

1 04 . 2  
1 1 7 . 5  
1 63 . 2  
2 1 6 . 8 
264 .  1 
326 . 5  

Advanced 

tla� 1980 
WELLS 

W I LDCAT 
SUCCESS W I  LOCAl DEVELOPMENT 

Xi !llil PROD . !llil PROD, !.Q!& 

54 . 8 77 94 1 8  73  262 

54 . 8  77 94 1 8  73  262 " " " " " 

54 . 8  77 94 1 8  73 262 



TABLE  1 3- 34 

GEOLOG I CAL DATA SUMMARY 

BAS I N : U i nta 
TOTAL BAS I N  AREA ( SECT I ONS ) :  SUBBAS I N : 
TYPE : FORMAT I ON :  Wasatc h  + Barren 

NGL C BBL/MMCF ) :  5 . 

EST t MAT ED MAX . 
AVERAGE PRODUCT I V E H/C GAS NET PAY GAS I N  PLACE AT RECOV ERABLE 

PERM .  AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS 
CMD )  (SECT I ONS ) _j_!) C FT . )  C BCF ) C BCF ) 

I-' 
w 
I 0 . 3  9 * * 1 7 5 . 07 1 48 """ """ 

o . 1 23 53 1 . 03 434 

0 . 03 38 979 . 1 8  760 

0 . 0 1  25  74 7 . 73 542 

0 . 003 9 323 . 1 7  2 1 5  

1 0 5 27 56 . 2099 

* Refer  to i nd i v i d ua l format i ons for these data . 

DEPTH C FT . ) :  * 

PRESSURE CP S I A ) : * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I V E N  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

* * * 



K • 0 . 3  0 . 1  
Y E A R  

1 1 8 4 1  1 8 7 2  

2 5 6 2  7 2 0  
f-J 
w 

I 
� 
Vl 5 1 4 6 2 1 9  

1 0  5 0 7 4  

1 5  2 7  3 7  

2 0  1 5 2 0  

3 0  7 9 

3 0 - Y E A P 
C U M I"' . 
P R O D . 3 8 1 0  4 6 2 9  

( M M C F ) 

TABL E  1 3-35  

W E L L  P R OD U C T I ON S U M M A R Y- - B A S E  C A S E  

U I N T A , WA S A T C H + B A R R E N  

G A S P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

1 5 9 3  1 3 6 9 1 1 8 1 

6 8 5  5 9 2  4 9 7  

2 6 3  2 4 8  2 0 5  

1 1 0 1 2 1  1 0 5  

6 2  7 8  7 0  

3 2  5 3  5 3  

1 7  3 2  3 5  

4 9 6 0  4 9 1 9  4 2 8 0 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  



TABL E  1 3- 36 

� E l l P R O D U C T I ON S U M M A R Y - - A D V AN C E D  C A S E  

U I N T A , W A S A T C H  + B A R R E N 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  ( M D )  
Y E A R  

1 2 0 0 0  2 2 3 4  1 8 7 4  1 6 3 8  1 4 3 2  

2 5 4 8  9 5 4  8 4 7  7 3 1  6 2 0  
....... 
w 

I 
""" 5 1 8 3  3 5 0  3 7 1  3 2 6 2 7 5  
0'1 

1 0  7 7  1 3 6  1 8 1 1 6 7  1 3 8 

1 5  4 2  7 0  1 0 7  1 0 6 9 0  

2 0  2 8  4 2  7 2  7 5  6 7  

3 0  1 4  1 9  3 7  4 3  3 9  

3 0 - Y E A R 
C U M M . 
P R O D . 4 4 7 9 6 6 2 9  6 9 4 9 6 3 4 0  5 4 0 9 

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WEL LS/SECT I ON 
PE RM .  REQD . T O  PRODUCE ACTUAL LY USED 
( MD )  ALL GAS [ MAX=4 l 

I-' 
w 

I 
� . 3  4 .  1 1  4 -...! 

• 1 4 . 05  4 

. 03 4 . 06 4 

. o  1 4 . 37 4 

. 003 5 . 3 1  4 

TABL E  1 3-37  

PRODUCT I ON W E L L  REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N :  
FORMAT I ON :  Wasatch + Barren  

RECOVERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WEL LS REQD . TO PRODUCE 
( BCF ) ALL GAS 

1 44 3 . 50 

428 2 . 83 

749 2 . 89 

496 3 . 39 

1 62 4 . 20 

1 980 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

[ MAX= I 2 l  < BCF ) 

3 . 5 1 48 

2 . 83 434 

2 . 89 760 

3 . 39 542 

4 . 20 2 1 5  

2099 



I-' 
w 

I 
""" 
00 

TABLE  1 3- 38 

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i nta 
SUB-BAS I N :  
FORMAT I ON :  Wastach + B a rren 

Geo l ogy and Geop hys i cs ( $/Pros pect ) 20 , 000 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fractu r e )  
Ad va n c ed Ca se [ 2000/4000 Ft . Fract u r e )  

Surf ace Eq u i pment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Revenue 

528 , 00 0  

364 , 000  - 632 , 000  
724 , 000 - 1 , 290 , 000  

4 5 , 000  

1 0 , 00 0  

. 0274  



1--' 
w 

I 
,j::. 
1.0 

BAS I N  U i n t a  

SUB BAS I N  

GAS PR I C E  
CASE NO . VMCF 

D i scoun t Rate l ifk 
1 007 1  1 1  

2 1 
3 1  
4 1  
5 1  
6 1 
7 1  
8 1  

1 .  50 
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scoun t R a te 12£. 
1 2  1 .  so  
22  2 . 50  
32 3.  1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount Rate 2if4 
1 3 
23 
3 3 
43 
53  
63 
73  
83 

* CODE : 

1 .  50 
2 . 50 
3. 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

A B 
0 . 3 0 . I 

PROF I T .  
PROS P .  
_%_ 

42 . 6  
" 
" 
" 
" 
I I  

I I  

" 

42 . 6 
" 
" 
" 
" 
" 
" 
" 

4 2 . 6  
" 
" 
" 
" 
" 
" 
" 

c 
0 . 03 

D 
0 . 0 1  

K -LEVELS 
ON STREAM 
NO . VALUE * 

5 ABC DE 
" " 
" " 
" " 
" " 
I I  I I  

" " 
" " 

5 ABC DE 
" " 
" " 
" " 
" " 
" " 
" " 
" " 

5 ABC DE 
" " 
" " 
" " 
" " 
" " 
" " 
I I  " 

E 
0 . 003 

TABLE 1 3-39  

ECONOM I CS SUMMARY 
TECHNOLOGY Base 

FORMAT I ON Wasatcb +. Bacrec DATE Juc� 19BQ 

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS 
E & P GAS NET ?RE S . DCF  RATE MAX N O . W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP . SUCCESS W I LDCAT DEVELOPMENT 
.....w.._ .J!fL.. �M % AT PR I C E,BCF G I P,BCF AT PR I CE % QEY. PROD . DRY PROD . TOTAL 

2874 9 . 034 1 657  45 . 0  1 986 2099 220 42 . 6  1 20 94 73 293 586 
" " 3749 84 . 3  
" " 5004 1 05 . 4  
" " 584 1 1 1 8 . 6  
" " 8978 1 63 . 0  
" I I  1 3 1 6 1  2 1 3 .  3 
" " 1 7 344 256 . 9  
" I I  23620 3 1 3 . 4  

2874 9 . 034 1 1 47 45 . 0  1 986 2099 220 42 . 6 1 20 94 73 293 586 
" " 2827 84 . 3  
" " 3835 1 05 . 4  
" " 4507 1 1 8 . 6  
" " 7027 1 63 . 0  
" " 1 0387 2 1 3 . 3  
" " 1 3 748 256 . 9  
" " 1 8789 3 1 3 . 4  

2874 9 . 034 797 45 . 0  1 986 2099 220 4 2 . 6  1 20 94 73 293 586 
" " 2 1 92 84 . 3  
" I I  3029 1 05 . 4  
" " 3588 1 1 8 . 6  
" I I  5680 1 63 . 0  
" " 8470 2 1 3 . 3  
" " 1 1 26 1  2 56 . 9  
I I  I I  1 5446 3 1 3 . 4  



I-' 
w 

I 
U1 
0 

BAS I N  U i n t a  
SUB BAS I N  

GAS PR I CE 
CASE NO . VMCF 

D i scoun t Rate l ifk 
I 0072 I I  I .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1 3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Ra te 1�4 
1 2  I .  50 
22 2 . 50 
3 2  3 .  1 0  
42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2iflo 
1 3  
23  
3 3  
43 
53  
6 3  
73  
83  

* COD E :  

I .  5 0  
2 . 50 
3 .  1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

A B 
0 . 3 0 . I 

PROF I T . 
PROSP . 
__ % __ 

4 2 . 6  " 
" " 
" " 
" " 

4 2 . 6  " 
" " " " 
" " 

37 . 1 
42 . 6  " 

" " 
" " 
" 

c 
0 . 03 

D 
0 . 0 1 

K-LEVELS 
ON STREAM 
NO . VALUE * 

5 " 
" " 
" " " " 

5 " 
" " 
" " 
" 
" 

4 
5 " 
" " 
" " 
" 

ABC DE " 
" " 
" " 
" " 

ABC DE " 
" " 
" " 
" 
" 

ABCD 
ABC DE " 
" " 
" " 
" 

E 
0 . 003 

TAGL E  1 3-40 

ECONOM I CS SUMMARY 
TECHNOLOGY Advance 

FORMAT I ON klilS:Iiat'b :t f!ilCCtD DATE Juns: 1980 

AVERAGE PER PROSPECT BAS IN TOTA LS WE LLS 
E & p GAS NET PRES . DCF RATE MAX NO.  W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
__ili_ ....!!.f£_ �M � AT PR I CE,BCF G I P  BCF AT PR I CE % DRY PROD . QKL PROD . TOTAL 

3990 1 0 . 666 1 9 1 6  39 . 9  2099 2099 1 97 42 . 6 1 1 3  84 63 253 5 1 4  " " 4546 80 . I " " 6 1 24 1 02 . 5 " " 7 1 76 1 1 6 . 6 " " 1 1 1 20 1 65 . 2  " " 1 6 380 221 . 2  " " 2 1 639 269 . 9  " " 29529 3 3 3 . 6  

3990 1 0 . 666 1 282 39 . 9  2099 2099 1 97 4 2 . 6  1 1 3  84 63 253  5 1 4  " " 3405 80 . I " " " " " " " 4679 1 02 . 5  " " 5529 1 1 6 . 6  " " 8 7 1 4  1 65 . 2  " " 1 296 1 22 1 . 2  " " 1 7208 269 . 9  " " 2 3578 333 . 6  

3800 9 . 949 742 37 . 7  1 884 1 884 1 89 37 .  1 1 1 9  70 57 229 475 
3990 1 0 . 666 2620 80. 1 2099 2099 1 97 42 . 6  1 1 3  84 63 253 5 1 4  " " 3681 1 02 . 5  " " " " " " " " " 

" " 4 389 1 1 6 . 6 " " 7042 1 65 . 2  " " 1 0580 22 1 . 2  " " 1 4 1 1 8  269 . 9  " " 1 9425  3 33 . 6  



TABL E  1 3- 4 1  

GEOLOG I CAL DATA SUMMARY 

BAS I N : U i n ta DEPTH ( FT .  ) : 6500 
TOTAL BAS I N  AREA ( S ECT I ONS ) :  SUBBAS I N : - PRESSURE CPS I A ) : 2795  
TYPE : Lent i c u l a r FORMAT I ON :  Wasatch TEMPERATURE ( ° F ) : 1 7 5 

NGL C BBL/MMC F ) : 5 .  

FOR EACH DR I LU NG LOCAT l ON W/C : 
EST ! MATED MAX. PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I VE H/C GAS NET PAY GAS ! N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN THAT 
PERfvl . AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROU 
CMD )  ( SECT I ONS ) ( % ) ( FT . ) C BCF ) C BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

I-' 
--------· - - -- -- --- ----

w 

I 

Ul 

1 . 0 2 1  6 . 4  I-' 20 1 36 . 46 1 1 9 0 . 05 1 . o  

0. 3 7 7  5 . 7  44 980 . 4 1  846 0 . 30 1 . 0 

0 . 1 1 37 5 . 2 56 2025 . 3 5  1 664 0 . 40 1 . o  

0 . 03 1 33 4 . 7  65  2062 . 78 1 592 0 . 50 1 .  0 

0 . 0 1  47 4 . 3  82 84 1 . 34 6 1 2  0 . 60 1 . o 

0 . 003 1 3  3 . 9 1 00 2 5 7 . 39 1 84 0 . 70 1 . o  --

428 6304 . 50 1 7  



TABLE 1 3-42 

W E L L  P R OD U C T I ON S U M M A R Y - - B A S E  C A S E  

U I NT A ,  W A S A T C H 

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 1 . 0 0 . 3  
Y E A R  

J .  1 0 . 0 3  0 . 0 1 0 . 00 3  

1 8 4 6  1 3 8 8  1 0 4 3  6 5 0 4 49 2 8 2  

2 1 1 0  3 6 7  4 3 7  3 2 6 2 3 2 1 4 7  
f-' 
w 

I 

U1 
N 

5 8 5 8  1 3 5 1 4 8 1 2 9  8 3  

1 0  0 <1 3 6  70  7 7  5 7  

1 5  0 2 1 4  4 2  5 4  4 5  

2 0  0 0 7 2 1  4 1  3 5 

3 0  0 0 2 1 0  2 5  2 7  

3 0- Y E A R  
C U M I'i . 
P R O D . 1 0 3 0  2 2 0 9 

( M M C F ) 
2 5 9 9 2 5 6 0  2 4 5 0  1 8 1 0  



TABLE  1 3-43 
w E L L  P R O D UC T I ON S U M M A R Y- - A D V A N C E D  C A S E  

U I NT A , W A S A T C H  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 1 . 0  0 . 3  0 . 1  0 . 0 3  0 . 0 1  0 . 00 3  
Y E A R  

1 7 8 7  1 6 7 8  1 2  5 9  7 6 9  5 4 3  3 4 1  

2 4 3  4 4 3  5 8 6 3 9 5  2 8 1  1 7 2 

I-' 
w 5 4 7 0  2 2 5  2 0 2  1 5 6 9 6  I 
U1 
w 

1 0  0 1 1  8 4  1 0 7  9 3  6 0  

1 5  0 2 3 3  7 0  6 6  4 7  

2 0  0 0 1 8  4 9  5 0  3 4  

3 0  0 0 6 2 6  3 1  2 4  

3 0 - Y E A R 
C U M M . 
P R O D . 8 5 9  2 6 7 0  3 8 7 0 3 6 7 0  2 9 6 9  1 9 6 0  

( M M C F ) 



TABLE 1 3-Ll4 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : U i nta 
SUB-BAS I N :  
FORMAT I ON :  Wasatch 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= 1 2  I ( BCF ) 

I-' 
w 

I 1 5 . 466 4 87 6 . 5 54 6 . 5 54 1 1 9 U1 
� 

. 3  4 . 993 4 677  4 . 1 3 1  4 .  1 3 1  846 

• 1 4 . 667 4 1 43 1  3 . 1 34 3 .  1 34 1 6 64 

. 03 4 . 695 4 1 353 3 . 275  3 . 27 5  1 592 

. 0 1  5 . 33 1 4 4 59 4 . 399  4 . 399 6 1 2 

. 003 7 . 48 1  4 98 6 . 908 6 . 908 1 84 

4 1 05 50 1 7  



TABLE  1 3-45 

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i nta 
SUB-BAS I N :  
FORMAT I ON :  Wasatch 

Geo l ogy and Geop hys i cs ( $/Pr os pect ) 
I-' w D r i I I i ng Cost ( $/We l l )  
I 

U1 
U1 

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fractu r e ) 
Ad va n c ed Ca se 1 2000/4000 Ft . Fracture ) 

Surface  Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense  ( $/We i I )  

Compressor  Fue l Cos t ,  Rat i o  of  Cost to 

W .  I .  Gas Revenue 

20 , 000 

4 1 8 , 000 

1 5 1 , 000 - 405 , 000 
30 1 , 000 - 839 , 000 

4 5 , 000 

1 0 , 000 

.0274 



1-' 
w 

I 
lJl 
0"1 

BAS I N  U i nta 

SUB BAS I N  

GAS PR I CE  
CASE NO .  VMCF 

D i scOUil t Rate I O"k 
1 00 1 1 1 1  1 .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scount  Rate 1�4 
1 2  1 . 50 
22 2 . 50 
32 3 . 10  
42 3 . 50 
52 5 . 00 
62  7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scoun t Rate 20"1, 
1 3  
23 
33 
43 
53  
63  
73 
8 3  

* CODE : 

1 .  50  
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

B 
1 . 0 

c 

PROF I T . K-LEVELS 
PROSP . ON STREAM 
__ % __ NO .  VALUE * 

4 0 . 6  5 BCOEF 
42 . 3  6 BCOEFG 

" " " 

" " " 

" " " 

" " " 
" " " 

" " " 

4 0 . 6  5 BCOEF 
42 . 3  6 BCOEFG 

" " " 

" " " 

" " " 

" " " 

" " " 

" " " 

3 3 . 1 4 BCDE 
40 . 6 5 BCDEF 
42 . 3  6 BCDEFG 

" " " 

" " " 

" " " 

" " " 
" " " 

0 F 
0 . 3 0 . 1 0 .03  0 . 01  

TABLE 1 3- 46 

ECONOM I CS SUMMARY 
fECHNOLOGY Base 

FORMAT I ON Wasatch DATE J une 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 
E & p GAS NET PRES . DCF RATE MAX NO .  W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
_w__ _!!f£_ �H � AT PR I CE,BCF G I P  BCF  AT PR I CE % DRY �· !lliY. PROD. TOTAL 

2770 7. 1 7 1 1 046 35 . 2  4007 4833 559 40 . 6  332 227 330 1 3 1 9  2207 
2833 7. 338 2682 66 . 5  4 1 05 50 1 7  559 42 . 3  323 237 338 1 353 2250 

" " 3659 82 . 4  " " " " " 

" " 43 1 1 92 . 1 
" " 6755 1 2 3 . 8  
" " 1 00 1 3  1 58 . 6 
" " 1 327 1  1 88 . 2  
" " 1 8 1 58 226 . 3  

2770 7. 1 7 1 672 35 . 2  4007 4833 559 40 . 6  332 227 330 1 3 1 9  2207 
2833 7 .  338 1 948 66 . 5  4 1 05 50 1 7  559 42 . 3  323 237 338 1 353  2250 

" " 27 1 3 82 . 4 
" " 3223 92 . 1 
" " 5 1 36 1 23 . 8  
" " 7686 1 58 . 6  
" " 1 0237 1 88 . 2  
" " 1 4062 226 . 3  

2463 6 . 053  361  34 . 1 3548 422 1 586 33 . 1 392 1 94 300 1 1 97 2082 
2770 7. 1 7 1 1 4 35 66 . 5  4007 4833 559 40 . 6 332 227 330 1 3 1 9  2207 
2833 7 .  338 2067 82 . 4  4 1 05 50 1 7  559 42 . 3  323 237 338 1 353  2250 

" " 2480 92 . 1  
" " 4028 1 23 . 8  
" " 6092 1 58 . 6  
" " 8 1 56 1 88 . 2  
" " 1 1 252 226 . 3  

G 
0 . 003 



I-' 
w 

I 

lJl 
-..! 

BAS I N  U i n t a  

SUB BAS I N  

GAS PR I C E  
CASE NO . VMC F  

D i scount  Ra te 1 �/. 
1 00 1 2  I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

1 .  50 
2 . 5 0  
3 . 1 0  
3 . 50 
s . oo 
7 . 00 
9 .  00 

1 2 . 00 

D i scoun t Rate I� 
1 2  I .  so 
22 2 . 50 
32 3 .  10  
42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2�/. 
1 3  
23 
33 
43 
53 
6 3  
7 3  
8 3  

* CODE : 

I .  s o  
2 . 50 
3 . 1 0  
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

B 
1 .0 

c 

PROF I T .  K -LEVELS 
PROS P . ON STREAM 

___L_ NO .  VALUE * 

40 . 3 4 CDEF 
40 . 6  5 BCDEF 
42 . )  6 BCDEFG 

" " " 

" " " 

" " " 

" " " 

" " " 

)2 . 8  3 CDE 
40 . 6  5 BCDEF 

" " " 

42 . )  6 BCDEFG 
" " " 

" " " 

" " " 

" " " 

)2 . 8  3 CDE 
40 . 6  5 BCDEF 

" " " 

" " " 

42 . 3 6 BCDEFG 
" " " 

" " " 

" " " 

D E F 
0 . 3 0 . 1  0 . 03 0 . 01  

TABLE  1 3- 47 

ECONOM I CS SUMMARY 
fECHNOLOGY AQvgo"� 

FORMAT I ON DATE J une 1�80 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
E & p GAS NET PRES . DCF  RATE MAX NO . W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVELOPMENT 
_w_ ....!!fL �M % AT PR I C E,BCF G I P  BCF AT PR I CE % D RY PROD . DRY PROD . TOTAL 

2925 7 . 756 1 02 7  3 1 . 2  47 1 4 4 7 1 4  608 40 . 3 363 245 269 1 073 1 950 
2954 7 . 784 2670 60 . 5 4833 4833 62 1 40 . 6 369 252 279 I l l S 20 1 5  
3 1 1 0  8 . 046 37 1 3 75 . 5  50 1 7  50 1 7 624 42 . 3 360 264 295 1 1 80 2098 

" " 4387 85 . 0 
" " 69 1 1 1 1 6 . 8 
" " I 0276 1 52 . 4  
" " 1 3642 1 8 ) . 0 
" " 1 8690 222 . 4 

2558 6 . 578 536 30 . 2 4 1 02 4 1 02 624 )2 . 8 4 1 9  205 233 9 3 1  1 787 
2954 7 . 784 1 892 60 . 5  4833 4833 62 1  40 . 6 369 252 279 1 1 1 5 20 1 5  

" " 2657 75 . 7 " " " " " " " " " 

) I I 0 8 . 046 32 1 4  85 . 0 501 7 50 1 7  624 42 . )  )60 264 295 1 1 80 2098 
" " 5 1 72 1 1 6 . 8  " " 

" " 7782 1 52 . 4 
" " 1 0392 1 8 ) . 0  
" " 1 4 307 222 . 9  

2558 6 . 578 296 30 . 2 4 1 02 4 1 02 624 32 . 8 4 1 9  205 233 93 1  1 787 
2954 7 . 784 1 377 60 . 5  4833 4833 62 1  40 . 6 369 252 279 I l l S 20 1 5  

" " 1 993 75 . 7 
" " 2403 85. I " " " 42 . 3  

3 1 1 0  8 . 046 40 1 2  1 1 6 . 8  50 1 7  50 1 7 624 " 360 264 295 1 1 80 2098 
" " 6 1 1 4  1 52 . 4 
" " 82 1 6  1 8) . 0  
" " 1 1 369 222 . 9  

G 
0 . 003 
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00 

TOTAL BAS I N  AREA ( SECT I. ONS ) :  
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 5 .  

AVERAGE PROlJUCT I. V E  
PERM .  AREA 
(MD ) ( SECT I ONS ) 

0 . 3  1 8  

o .  1 43 

0 . 03 70 

0 . 0 1  47  

0 . 003 1 8  

1 96 

H/C GAS 
PORO S I TY 

( % ) 

5 . 3 

4 . 85 

4 . 5  

4 . 2  

3 . 9  

NET PAY 
TH I CKNESS 

( FT . ) 

30 

49 

63 

80 

1 00 

0 
TABLE 1 3- 48 

GEOLOG I CAL DATA SUMMARY 

BAS I N : U i nta 
SUBBAS I N :  
FORMAT I ON :  Bar ren 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

1 56 . 1 4  1 32 

557 . 95 456 

1 083 . 54 84 1 

862 . 24 62 5 

383 . 2 9  2 5 5  

3043 . 2309 

DEPTH ( FT . ) :  7 500 
PRESSURE (P S l A ) : 3225 
TEMPERATURE ( ° F ) : 1 95 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I. L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I. S  STATE O F  NATURE I. S PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

o .  1 0  1 . o  

0 . 30 1 . o  

0 . 45  1 . o  

0 . 5 5  1 . 0 

0 . 6 5  1 . o  



TABLE  1 3- 49 
W E L L  P R OD U C T I O N  S U M M A RY--B A S E  C A S E  

U I NT A, B A R R E N  

G A S P RO D U C T I O N  ( H MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1 0 . 0 3 o . o 1  
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( 110 )  

1 9 5 5  9 8 6  7 0 7  4 8 3 2 9 6  

2 2 1 9 3 7 7  3 4 2  2 5 0 1 5 4  
1-' 
w 

I 
Ul 5 2 9  1 0 2  1 4 6  1 3 1 8 8  1.0 

1 0 4 2 8  6 4  76 6 0 

1 5  1 1 2 3 6  5 3  4 4  

2 0  0 6 1 8  3 9  3 8  

3 0  0 2 9 2 4  2 8  

3 0- Y E A R 
C U M M . 
P R O D . 1 4 2 0  2 2 3 9 2 5 60  2 5 3 0 1 8 8 0 

( M M C F ) 



TABLE 1 3- 50 
� E L L  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

U I NT A ,  B A R R E N  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y f A R  

1 9 4 7  1 1 8 1  8 2 1 5 8 5  3 7 9 

2 1 1 9  5 2 5  4 1 8  3 0 2  1 9 2  
f--1 
w 
I 

0"1 
0 5 1 5  1 8 2  2 0 2  1 5 8 1 0 7 

1 0  3 6 2  1 0 6  9 2  6 4  

1 5  0 2 8  6 5  6 4  4 8  

2 0  0 1 4  4 4  4 7  3 9  

3 0  0 5 2 3  2 9  2 5  

3 0 - Y E A R  
C U M t-1 . 
P R O D . 1 1 8 9  3 3 4 9 3 6 7 0 3 0 6 0  2 1 2 9  

( M M C F ) 



TABLE 1 3- 5 1  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N :  U i nta 
SUB-BAS I N : 
FORMAT I ON :  Ba r ren 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 

1-' ( MD )  ALL GAS I MAX=4 l < BCF ) ALL GAS I MAX= 1 2 l  ( BC F )  
w 
I 

0'\ 
1-' . 3  5 . 289 4 99 6 . 3 1 6  6 . 3 1 6  1 32 

• 1 4 . 747 4 383 3 . 1 74 3 . 1 74 456  

. 03 4 . 680 4 7 1 5 3 . 264 3 . 264 84 1 

. 0 1  5 . 28 1  4 4 7 5  4 . 366 4 . 366 625  

. 003 7 . 734 4 1 33 6 . 829  6 . 829 2 5 5  

1 805 2309 



1-' 
w 

I 
0"1 
[\.) 

TABLE 1 3- 52 

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : U i n ta 
SUB-BAS I N : 
FORMAT I ON :  Bar ren  

Geo l ogy a n d  Geop hys i cs ( $/Pr os pect ) 20 , 000 

D r i l l i ng Cost ( $/We l l )  528 , 000 

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 F t .  Fractu re ) 
Ad vanced Case [ 2000/4000 Ft . Fracture ) 

S ur f ace  Eq u i p ment ( $/We l l )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost , Rat i o  o f  Cost to 

W . l .  Ga s Revenue  

1 59 , 000 - 427 , 000 
3 1 7 , 000 - 884 , 000 

4 5 , 00 0  

1 0 , 000  

. 0274 



I-' 
w 

I 
0'\ 
w 

BAS I N  U i nta 

SUB BAS I N  

GAS PR I CE 
CASE NO . VMCF 

D i scount  Rate l �k 
1 002 1 1 1  I .  so 

2 1  2 .  50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scount Rate l�k 
1 2  I .  so 
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scoun t Rate 20% 
1 3  I .  50 
23 2 . 50 
33 3 .  1 0  
43 3 . 50 
53 5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

* COD E :  A B 
0 . 3 0 . I 

PROF I T . 
PROSP . 
_L_ 

37 .  I 
4 2 . 6  

" 

" 

" 

" 

" 

" 

2 3 . 5 
37 .  I 
42 . 6  

" 

" 

" 

" 

" 

23 . 5  
37 .  I 
37.  I 
42 . 6  

" 

" 

" 

" 

C D 
0 . 03 0 . 0 1  

K-LEVELS 
ON STREAM 
NO . VALUE * 

4 
5 
" 

" 

" 

" 

" 

" 

2 
4 
5 
" 

" 

" 

" 

" 

2 
4 
4 
5 
" 

" 

" 

" 

ABCD 
ABC DE 
" 

" 

" 

" 

" 

" 

BC 
ABCD 
ABC DE 
" 

" 

" 

" 

" 

BC 
ABCD 
ABCD 
ABC DE 
" 

" 

" 

" 

E 
0 . 003 

TABL E  1 3- 53 

ECONOM I CS SUMMARY 

FORMAT I ON 

AVERAGE PER PROSPECT BAS I N  TOTALS 
E & p GAS NET PRE S .  D C F  RATE 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . 
__w__ ...!£E._ �M :& AT PR I C E18CF G I P  BCF 

2900 6 . 086 552 22 . 1 1 672 2054 
3034 6 . 473 2007 52 . 4 1 805 2 309 

" " 2868 70 . 2 " " 
" " 3442 8 1 . 6  
" " 5596 1 2 1 . 2  
" " 8467 1 67 . 2  
" " 1 1 339 207 . I 
" " 1 5646 259 . 0 

2430 4 . 465 1 1 9 1 8 . 8  1 098 1 297 
2900 6 . 086 1 36 1  52 . 3  1 672 2054 
3034 6 . 573 2 1 0 1  70 .2  1 805 2309 

" " 2560 8 1 . 6  " " 
" " 4282 1 2 1  . 2 
" " 6578 1 67 . 2  
" " 8874 207 . I 
" " 1 2 3 1 8  259 . 0  

2430 0 - 30 1 8 . 8  0 
2900 6 . 086 977 52 . 3  1 672 2054 
2900 6 . 086 1 525 6 9 . 7  " " 

3034 6 . 473 1 964 8 1 . 6  1 805 2309 
" " 3390 1 2 1 . 2  
" " 5293 1 67 . 2  
" " 7 1 95 207 . I 
" " I 0049 259 . 0 

TECHNOLOGY Base 

DATE J une 1::180 

MAX NO . W I LDCAT 
PROSP . SUCCESS W I LDCAT 

AT PR I CE � .!lli! � . 

275 37. I 1 73 1 02 
279 42 . 6  1 60  1 1 9 

" " " " 

246 23 . 5 1 88 58 
275 37. I 1 73 1 02 
279 42 . 6  1 60 1 1 9 

23 . 5  
275 37. I 1 73 1 02 

" " " " 

2 79 42 . 6  1 60 1 1 9 

WELLS 

DEVELOPMENT 
DRY PROD . 

1 35 540 
1 44 577 

95 379 
1 35 540 
1 44 577 

1 35 540 
" " 

1 44 577 

� 

949 
1 000 

720 
949 

I 000 

949 
" 

1 000 



f-' 
w 

I 
0\ 
,j::>. 

BAS I N  

SUB BAS I N  

GAS PR I C E  
CASE N O .  �/MCF 

D i scount  Ra te l �k 
1 0022 1 1  1 .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 .  00 
6 1  1 2 . 00 

D i scount Ra te l�k 
1 2  1 .  50 
22 2 . 50 
32 3. 1 0  
42 3 . 50 
5 2  5 . 00 
6 2  7 . 00 
72 9 . 00 
62  1 2 . 00 

D i scou n t  Rate 2�4 
1 3  
23 
33  
43 
53  
63  
73  
63 

* C ODE : 

l .  50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 .  00 

1 2 . 00 

A B 
0 3 0. 1 

PROF I T . 
PROSP . 
__ %_ 

35 . 7  
37 . 1 
4 2 . 6  

" 
" 
" 
" 
" 

2 2 .  1 
37 .  1 
" 

42 . 6  
" 
" 
" 
" 

22 . 1 
37 . I 
37 . I 
" 

42 . 6 
" 
" 
" 

C D 
0 03 0 . 0 1  

K-LEVELS 
ON STREAM 
NO . VALUE * 

3 BCD 
4 
5 
" 
" 
" 
" 
" 

2 
4 
" 
5 
" 
" 
" 
" 

2 
4 
" 
" 
5 
" 
" 
" 

ABCD 
ABC DE 
" 
" 
" 
" 
" 

BC 
ABCD 
" 
ABC DE 
" 
" 
" 
" 

BC 
ABCD 
" 
" 
ABC DE 
" 
" 
" 

E 
0 . 003 

TABL E  1 3- 54 

ECONOM I CS SUMMARY 
TECHNOLOGY Advance 

FORMAT I ON DATE luce 1980 
AVERAGE PER PROSPECT BAS I N  TOTALS WELLS 

E & p GAS NET PRES . DCF  RATE MAX N O .  W I LDCAT 
I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
_ili_ � �M :& AT PR I CE,BCF G I P  BCF  AT  PR I CE � DRY PROD . DRY PROD . TOTAL 

2864 6 . 264 438 1 7 . 9 1 922 1 922 307 35 . 7  1 97 1 1 0 1 00 399 806 
3047 6 . 479 1 8 1 3  4 3 . 8 2054 2054 3 1 7  3 7 .  1 1 99 1 1 8 1 1 6 465 899 
3465 7 . 1 88 28 1 5  58 . 1 2 309 2309 32 1 42 . 6  1 84 1 37 1 37 545 1 003 " " 3408 68 . 3 

" " 5635 1 04 . 9  
" " 8603 1 48 . 7 
" " 1 1 57 1  1 87 . 7 " " 1 6023 239 . 0 

2382 - 1 3  1 4 . 6 1 297 1 297 2 2 . 1 
3046 6 . 479 1 2 1 4  4 3 . 6 2054 2054 3 1 7  3 7 . 1 1 99 1 1 8 1 1 6 465 899 " " 1 857  58 . 9 " " " " " " " " " 
3465 7 . 1 88 2444 68 . 3 2309 2 309 321 42 . 6  1 84 1 37 1 37 545 1 003 " " 4201  1 04 . 9 

" " 6545 1 48 . 7 " " 8888 1 87 . 7 
" " 1 2403 239 . 0  

2382 - 1 66 1 4 . 6  1 297 1 297 - 2 2 .  1 
3046 6 . 479 822 43 . 8 2054 2054 3 1 7  3 7 .  1 1 99 1 1 8  1 1 6 465 899 " " 1 35 1  58 . 9 " " " " " 

" " 1 704 66 . 7 
3465 7 . 1 66 3259 1 04 . 9  2 309 2309 32 1  42 . 6  1 64 1 37 1 37 545 1 003 " " 5 1 86 1 46 . 7 

" " 71 1 3  1 87 . 7 
" " 1 0004 239 . 0 



Ch apter Fou r te e n  

P I C EANC E CREEK BAS I N  

L I S T  O F  TABLES 

Piceance Bas i n  Forma t ions . . • • . . . . • • • . . . . . . . • . . . . . . . . • . . . • 

Explorat ion Pe rformance . . . • . • . • . . . • . . . . . . . . . . • • . • • • . . • . • .  

Tigh t Forma t ion Re servo i r  Par ame ters . . • • . . . • . . • . . • • . . • . • .  

Subba s i ns of the P i c eance Ba s i n • • • . • • . . • . • . . • . . . • . •  � . • . . .  

1 4 - 2  
1 4 - 8  
1 4 - 9  
1 4 - 1 7  

In ad d i t io n ,  each s ubba s i n  w i th i n the bas i n  h a s  a s e r i e s  o f  
the se spe c i f i c tab l e s : 

Ge olog i ca l  Da ta Summary 
We l l  Prod u c t ion Summa ry -- Bas e  Case 
We l l  Prod u c t ion Summa ry - - Ad va nced Case 
Prod uct ion We l l  Requ irements 
Inve s tme nt and Ope rat ing Expenses 
Economi c s  Summa ry Bas e  Case 
Ec onomi c s Summa ry -- Ad vanced Ca se 

Forma t i on 

For t  Un ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Co rcoran Co z e  t te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Me s ave rde 8 ,  0 0 0  . . • • • • • . • • • • . . . . • . . . . . . . . • • . . • . . • .  

Co rcoran Co z e tte + Me save rde • . . . . . • . . . • • • . . • • . • . •  

For t Un ion and Me s averd e . • • • . . . . • . . . . . . . • • . • . . . . •  

Fo rt Un ion + Co rcoran Coz e tte . . . . . . . . . . . • . • • . . . . .  

Lowe r Cre taceou s + Juras s i c  . . . . • . • • . . . . . . . . . . • . • •  

L I ST OF F I GURES 

Fig ure 

Pag e s  

1 4 - 1 1  - 1 4 - 2 0  
1 4 - 2 4  - 1 4 - 3 0  
1 4 - 3 1  - 1 4 - 3 7 
1 4 - 3 8  - 1 4 - 4 4  
1 4 - 4 5  - 1 4 - 5 1  
1 4 - 5 2  - 1 4- 5 8 
1 4 - 5 9  - 1 4 - 6 5 

1 4-1 
1 4 - 2  
1 4- 3  
1 4 - 4  
1 4- 5  

Index t o  Tigh t Ga s Ar eas - - Pi ceance Ba s i n  • . . • •  

P a g e  

1 4 - 3  
1 4 - 4  
1 4 - 5  
1 4 - 6  
1 4- 1 0  

O i l  and Ga s F i e l d  Map . . . . . . . . . . . . . . . . . . . . . . . . . . 

W-E Di agramma t i c  Cros s Se c t ion • • . . . . . • . • . . . • . . •  

Corr e la t io n  Di agr am . . . • . • . . . . . . • . . . . • . . • . • • . . • •  

F i e l d  S i ze Di str ibu t ion o f  Pr oduc i b l e  Ga s . • . . . •  



Ch apter Fou r teen 

P I C EANC E CREEK BAS I N  

GEOLOGY 

General De scr ipt ion 

Th e Piceanc e Cre ek ba s i n , loca ted i n  northwe s t Colorad o ,  e n 
compa sses some 4 , 5 0 0  s qua re m i l e s  wi th Te r t i ary age sed ime ntary 
rocks a t  the s u rfac e . I t  i s  d e f i ned by bord e r ing s tr uc t ures and 
the almo s t  cont inuous expo s ur e  o f  the Te r t i ary-Cr e taceous boundary . 
The bas in i s  asymme tr i c  wi th a s teep e a s t  f l a nk and a g en t l e  wes t 
fl ank . It i s  bounded on the e a s t  by the Gr and Hog ba c k  mono c l ine o f  
the Wh i te Rive r  upl i f t ,  o n  the southwe s t  by th e Uncompa hgre u p l i f t ,  
on the we s t  by the Do ug las Cr eek arch and on the nor th by the U i nta 
Mo un ta ins  and the Ax i a l  Bas i n  u pl i f t .  More than 2 5 , 0 0 0  feet o f  
sed ime n tary rocks are pr e s e n t  i n  the d eepe s t  par t  o f  the ba s i n 
wh ich i s  par a l l e l  to and ve ry close to i ts eas tern marg i n .  

Th e Piceanc e Cre e k  b a s i n  wa s fo rmed d ur i ng th e Lar ami d e  o roge ny 
( l ate Cr etaceou s-e arly Te r t i a ry ) a nd grad u a l ly a s s ume d i ts pre s e n t  
phys iography through prog ress i ve d ownwarp i ng , depo s i t ion a n d  ero
s ion of the ba s i n area d i fferent i a l ly wi th re spe c t  to s ur round i ng 
pos i t ive area s . 

Dur ing the Pa l e o zo i c , mar i ne she l f  sed ime n ta t io n  wa s dominant 
in the area of no r thwe s t  Co lorad o .  An i nterrupt i o n  o c c u r red in  
Pe nns yl van ian t ime w i th the upl i f t  of the anc e s tr a l  Uncompa hgres on 
the so u thwe s t  and the Front Ra nge on the northea s t . Th ese h ig h 
lands we re a source o f  sed ime n t s  depo s i te d  und e r  m i x e d  mar ine and 
con t i nental env i ronme nts d u r ing the l a te Pa leozo ic and early 
Me sozo i c . 

Dur ing Cre tace ous t ime , northwe s tern Col or ad o  wa s aga i n  s ub j ec t  
to ma r i ne trang res s ion . Th e basal depo s i t s  we re ma i n l y  c ong lome r
ate s  and coarse sand s tone s o f  th e Cedar Mo un ta i n  and th e Dakota 
Group l a id down und e r  f l uv i al and f l ood-p l a i n  cond i t ions w i th re
work ing by mar ine wave a c t ion . Uppe r Cre taceous sed imentary ro cks 
total ing 6 , 0 0 0  to 1 1 , 0 0 0 f e e t  includ ed ma r i ne Ma ncos shale and 
mar i ne and no n-mar ine s and s ton e , shale a nd coa l  of th e Mes averd e 
Group . 

Dur i ng the Te rt i ary the Pi ceance became a typ i c a l  i n termontane 
ba s i n accumul a t ing more tha n  8 , 0 0 0  feet of Pa leocene and Eocene 
rock s of the Ft . Un ion , Wa satch and Gr een River ( Sa nborn , 1 9 7 7 ) . 
Th i ck wed ges o f  cont inental  c l a s t i c  ro cks around the flanks o f  th e 
bas in th in and interf ing e r  w i th lacustr i ne s h a l e s  and mar l s to n e s  i n  
the inter ior of the bas i n . Ex tens ive Miocene vol c an i c s  spread 
acros s the f i l led ba s i n . Remn an t s  today form f l at cap s  on the 
h i ghe s t  par t s  of th e Wh i t e  River upl i f t  and the P i c eanc e Cre e k  
bas i n  ( Dunn , 1 9 7 2 ) . 

1 4 - 1  



Th e geo logy o f  the ba s i n i s  i l lu s t r a ted by the f o l l ow i ng 
e x h i b i t s : 

• A b a s e  map showing bas in ou t l i n e  w i th bord e r i ng s t r u c t ures 
and ou t l i ned areas o f  t ig h t g a s  forma t ion po te n t i a l  ( F i gu r e  
1 4 - 1 ) 

• An o i l  and gas  f i e l d  map ( F i g ur e  1 4 - 2 ) 

• A d i agr amma t i c  cros s -sec t io n  ( F i gure 1 4 - 3 )  

• A corre l a t ion char t ( F i g ur e  1 4 - 4 ) . 

T i g h t  Gas Forma t ions 

The forma t ions w i th ma j or po ten t i a l  for u n conven t ional t i gh t 
g a s  i n c l ud e  s ands tone reservoirs  wi th in the Jur as s i c/Lowe r Cre
taceou s , Mancos and Me s averd e ( Uppe r Cre taceou s )  and For t Un ion 
( Pa l eocene/Eo cene ) .  Th ese sands tone s , a l though they c arry a large 
resource of  ga s -i n-plac e , h ave poor r e se rvo i r  c h ar a c t e r i s t i c s ; 
that  i s ,  t ig h t  ceme ntat ion , l ow pe rme ab i l i ty ,  a nd low g a s-f i l led 
poros i ty .  The forma t ions eva l uated in th i s  repo r t are l i s ted i n  
Table 1 4- 1 .  Ad d i t ional sand s tones i n  the Ma ncos and i n  the po st
For t Un ion may be found to qua l i fy as t i gh t g a s  r e s e r vo i rs i n  the 
f utur e . 

F o rmation 

Fo rt Un ion 

Me saverde Group 

Co rcoran Cb ze tte 
( Manco s )  

Da kota-Cedar Mtn . 
Mo rriso n  

L ithology 

ss 

ss 

ss 

ss 

Hydrocarbon Poten t i a l  

TABLE 1 4-1  

Pic eance Ba sin 
Formations 

Age 

Pal eocene 

u. Cr et. 

u. Cret . 

L. Cret . 
Jur . 

T rap Type 

st rat . ( Le nticul ar) 5 , 0 0 0 ' 

St rat . ( Le nticul ar) 8 , 0 0 0 ' 

Strat . ( Bl an ke t )  6,  0 0 0 ' 

st rat . ( Le nticul ar ) 7 , 0 0 0 ' 

Ga s r e se rve s h ave been deve loped i n  the ba s in i n  s and s tones 
from Penns yl van ian through Eocene age . The t i gh t g a s  reservo i r s  
a r e  con ta i ned pr ima r i ly wi th in Cretaceo u s  and Te r t i ary rock s . A 
s t udy by Lew i n  and As soc i a te s ( 1 9 7 8 )  covered some 4 , 0 0 0  square 
m i l e s  of the bas i n . Th e areal e x t en t  a c c ep ted in th i s  s tudy for 
the For t Un ion Me s averde and Cor cora n -Co z e t te is the s ame a s  tha t 
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I N D E X  T O  T I G H T  GA S A R E A S  
P I C E A N CE BASIN 

0 M I L E S  36 
0 KILOMETERS 60 

F i g u re 1 4-1 . I ndex to T ight  Gas Areas -- P iceance Bas i n .  
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u sed in the Lew i n  repo r t , a l though i t  i s  recog n i z e d  tha t a r e a s  o u t
s ide the boundar i e s  a s  sh own i n  F i g ure 1 4 - 1  may a l so be proven to 
conta i n  un conve nt ional gas resources . Th e Lew i n  reservo i r  parame 
ters , w i th some mod i f i c a t io n ,  h ave bee n  i ncorporated i n to the pre s 
ent s tudy . Tigh t s and s tones of the Lowe r Cretaceo u s  and J u r as s i c  
( Dakot a ,  Ced a r  Mounta i n  and Mor r i son ) ,  not cons i d ered i n  the Lewi n  
report , have been ad ded i n  th i s  s t udy . Th e Upper Cre taceou s  Me sa
verde lent i c ular sand s tone s h ave by far the g r e a te s t  po ten t i a l  for 
d eve lopme nt o f  t igh t g a s  among the forma t ions eva l u a ted . Th e 
ma x imum recoverable t ig h t  forma t ion ga s -i n -p l a c e  h a s  been c a l c u 
lated t o  b e  abou t 3 3  T C F . Fu tur e econom i cs w i l l  d e term i ne how muc h  
o f  th i s  w i l l  a c t u a l ly b e  re covered . 

Explorat ion H i s tory 

Dr i l l ing for gas in the area d a te s  back to 1 8 9 0  whe n  two wel l s  
we re d r i l led encoun ter ing shal low g a s  i n  the v i c i n i ty o f  the Wh i te 
River gas seep s  ( Dunn , 1 9 7 2 ) .  By the 1 9 2 0 ' s  and 1 9 3 0 ' s  s u r face 
mapp i ng and ant i c l i na l  d r i l l i ng we re ac t ive ly purs ued i n  a r e a s  
around t h e  Piceanc e Cre e k  ba s i n inc l ud i ng th e Ax i a l  Bas i n u p l i f t  
and Doug las Cr eek arch . A n umber of ma j or d i sc ove r i e s  i nc l ud i ng 
the g i an t Range ly f i e l d  were made d ur i ng th i s  per iod . The f i r s t  
s ig n i f ic ant g a s  i n  t h e  Pi ceance Cr eek b a s i n  proper wa s e s tab l i shed 
in 1 9 3 0 w i th the d i s cove ry o f  th e Pice anc e Cre ek f i e l d . Mo s t  o f  
the Pi ceance Creek b a s i n  ga s wa s d eve loped d u r ing the 1 9 5 0 ' s  and 
1 9 6 0 ' s .  The ma j or i ty o f  the prod u c t ion i s  from s trat i g r aph i c  
traps . Co nvent ional deve lopme nt i n  the Pi ceance Cr eek bas i n  to 
date has found 6 1  f i e l d s , a lmos t e n t i re ly ga s . In the c e n tra l par t 
o f  the ba s i n  mo s t  o f  the ga s i s  prod u c ed f rom Eo cene sand s tone s o f  
the Wa sa tch and Gree n  Rive r .  In the s o u thern p a r t  the ma j or i ty o f  
the prod u c t ion i s  from Uppe r Cre taceou s sands tone s o f  the Me saverde 
Group . Sands tone r e servo i rs of Penns yl van i a n , Tr i as s i c , Jura s s i c  
and the Lowe r Cr e taceou s have been only mode rately prod u c t i ve 
w i th in the bas i n , a l though on the Ax i a l  Ba s i n upl i f t  and Do ug la s  
Creek arch they have been ve ry prod uc t ive . Th e Ra nge l y  f i e l d , for 
ex ampl e , has prod uced more than 5 0 0  m i l l ion barre l s  of  o i l  and 7 0 0 
b i l l ion cub i c  f e e t  o f  g a s  from the We ber Sand s tone o f  Pe nnsyl va n i an 
age . 

A s umma ry o f  recent e xplora t ion dr i l l i ng for the per iod 1 9 6 0 -
1 9 7 7  i s  pr esented i n  Ta b le 1 4- 2 . Dur ing th i s  pe r iod an average o f  
1 0  w i ld cats  pe r yea r  wer e  d r i l l ed . Appro x ima te ly 3 1  percent o f  the 
gas w i l d cats we re s u c ce s s f u l  f ind i ng an ave rage of 8 . 2 BCF per 
wel l .  W i th h igher pr i c e s  a l arger pr oport ion of w i ld c a t s  w i l l  b e  
s uc ce s s f ul ; howe ve r , f o r  compl e t ions i n  t ig h t  g a s  reserv o i r s  th e 
reserve s per s ucce s s f u l  w i ldca t may be e xpe c ted to d ec l i n e . 

Characte r i s t i c s  o f  Traps and Re servo i r s  

A concep t u a l  mode l  f o r  mos t o f  th e Piceanc e Cre e k  b a s i n  t i gh t 
gas reservo irs i s  one o f  h ig h ly l en t i cu l ar sands tones d e po s i ted i n  
a complex s e r i e s  o f  trangre s s ions and regre s s ions und e r  predom i 
nantly non-ma r ine env i ronme nts i n c l ud i ng f l uv i al c h anne l and po i n t  
bar , coa s ta l  s wamp , de l ta i c  and l a c u s tr i n e . In ad d i t ion to l en t i c 
u l ar i ty the sand s tones a r e  character i z e d  by r ap id l a te r a l  and ver
t i cal changes i n  poros i ty and pe rmeab i l i ty .  One res u l t  o f  the 
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TAB L E  14-2 
E X P L ORAT I ON P E R F ORMAN C E  - P i ceance B a s i n  

1 96 0  - 1 969 
A l l N ew  New Poo l s  & 

W e i I s  F i e l d s D eepe r P r od . 

2 9  
2 8  

1 

61.1 
333 . 5 

3 . 6  

113 
109 

4 

11 

25. 7 
2 5 . 7 
2 5 . 0 

2 . I 
11.9 

3.6 

5936 
158 5 7 

19 
18 

I 

17.96 
83 . I 

3.6 

93 
9 0  

3 

9 

2 0 . 4  
2 0.0 
33.3 

0 . 95 
4 . 6  
3.6 

54 7 7  
1 58 5 7  

10 
1 0  

0 

43. I 
2 5 0.4 

0 

20 
19 

1 

2 

5 0 . 0 
5 2 . 6  

0 

4 . 3 
2 5 . 0  

0 

6 763 
0 

1�]0 ,_ 1 97 7  
A l l N ew N ew P oo l s  & 

W e l l s  F i e l d s D eepe r P rod . 

29 
25 

4 

19.5 
101 . 6  

1.7 

69 
59 
10 

9 

4 2 . 0 
4 2 . 4 
40 . 0  

0 . 6 7 
4 .  I 
0 .  43 

5 7 73 
6373 

25 
2 2  

3 

1 7.4 
9 5.3 

0. 71 

6 2  
5 3  

9 

8 

40 . 3  
41 . 5 
33 . 3  

0 . 69 
4 .  3 
0.24 

5 7 2 7  
6063 

4 
3 
1 

2 .  I 
6.3 
1. 0 

7 
6 

5 7. I 
5 0 . 0  

100.0 

0 . 5 3  
2 .  I 
1 .  0 

610 5 
7304 

1960 - 1977 
A I I  New New f·'oo 1 s & 

W e l l s F l e l ci · _ Deepe r P roJ 

58 
5 3 

5 

8 0.6 
4 �: 5 . 1 

5 . 3 

182 
168 

14 

1 0  

31.9 
31 . 5  
35 . 7  

1 .  39 
8 . 2 
1 . 1  

5859 
8 2 7 0  

4h 
40 

4 

35 . 4  
178 . 4  

4 .  31 

1 5 5  
1 43 
1 2  

'J 

28.-'+ 
28 . 0  
33 . 3 

0 . 80 
4.5 
1 . 08 

5615 
8512 

14 
13 

1 

45.2 
256.7 

1.0 

2 7  
25 

2 

2 

5 I . 9 
5 2 . 0 
5 0 . 0 

3 . 2 
19 . 7  

I .  0 

66 1 2  
7304 

� E s ti ma t e d  by mu l t i p l y i n g  t h e  numb e r  w i l d c a t s  by t he s ame percen t a g e  d i s t r i bu t i on a s  t h e  s u c c es s fu l  w i l d ca t s . 
�� I nc l ud e s  g a s  i n  s o l u t i on wi t h  o i  1 a n d  con d en s a t e p r oduced wi t h  g a s . Conve r s i on 5 . 8  H C F  = 1 b b l o i l .  



broad rang e o f  re s ev o i r  pe rme ab i l i ty i s  that  the bas i c  trap i s  
de f i ned i n  te rms o f  pe rmeab i l i ty .  Pe rme ab i l i ty trap d i s tr i b u t io n  
rang e s  from 0 . 1 to 0 . 0 0 0 0 3  m i l l id a r c ie s . Traps cons i s t  o f  areas o f  
ga s-f i l led ro ck h a v i ng h i gh e r  permeab i l i ty t h a n  s urround i ng ro ck s . 

A par t i al except ion to the l en t i c u l a r  mod e l  i s  th e mar ine 
Corcoran-Coze t te wh i c h  te nd s  to be a blanke t-type r e s e rvo i r . Tr ap
p i ng i s  ba s i cal ly s trat igraph i c  w i th in th i s  un i t  a l s o , because  o f  
l ateral and ve r t i c a l  chang e s i n  pe rme ab i l i ty .  Some o f  the s e  ma r i ne 
cont in uous sands tone s may local ly d evelop good enough reservo i r  
characte r i s t i c s  to b e  e x c l u d ed f rom q ua l i f i c a t ion for un conven
t ional or t i gh t gas c l a s s i f i ca t io n . 

Table 1 4 - 3  s ummar i ze s  the bas i c  rese rvo i r  par ame ter s . 

TABLE 14-3 

P i ceance B as in T ight F ormation R e s ervoir P arameters 

Ga s-Fill ed 
Pe rmeabil ity Ra nge Pr e ss Temp . Po ro s it y  Ne t Pa y 

F ormation ( md )  l£ill ( OF )  R ange ( % ) Range ( ft )  

Fort Union o. 1 -. 0 0 0 3  2 , 1 0 0 1 35 7. 0 -3. 2 1 2 -8 0  

Me s averde Group o. 1 -. 0 0 0 0 3  3 , 400 1 7 0 6. 1 -2 .  1 20 -20 0 

Corcoran Co zette o. 1 -. 0 0 0 3  2, 600  1 45 6. 5 -2 . 3 1 6-7 0 

Da kot a-Cedar Mtn . 
� rrison o. 3-. 0 0 1  2 , 900  1 58 6.  0 -3 . 5 7-3 5 

( Lo wer Cretaceous , 
Jur assic) 

The s i ze s  of the t i gh t gas f i e l d s  in  the Pi c e anc e Cre ek ba s i n  
are e s t ima ted to b e  the range o f  1 0  to 5 0 0 B CF . Th e ir s i ze s  and 
the i r  cumu l a t ive probab i l i ty of oc c urrence are sh own i n  F i gure 1 4 - 5  
for reservo irs i n  the va r iou s t igh t g a s  fo rma t i on s . Th e max imum 
f ield s i ze w i l l  tend to be sma l l e r  for pe rmeab i l i t ie s  above 0 . 1  
m i l l id arcy and for pe rme ab i l i t ie s  l e s s  than 0 . 0 0 1  m i l l i d arcy . 

Th e gene ral geolog i cal d a ta and we l l  expe r i e n c e  i n  the P i ceance 
ba s i n  have been comb i ned i n to e s t imates  o f  the f u t ure per formanc e 
o f  t ig h t  g a s  pl ays . Th e geolog i cal and expl ora t ion pe r fo rma nce are 
descr ibed for s ub-bas i n s  and t i gh t gas fo rma t ions i n  the bas i n .  

Tab l e  1 4 - 4  i s  a geolog i c a l  d a ta s umma ry for th e For t Un ion for
ma t ion i n  the Pi ceance bas i n . The produc t ive area c on s i d e red i s  
3 5 4  sect ions out  o f  th e 7 , 1 0 0 -s e c t ion ba s i n . Th e For t Un ion i s  
d iv ided i n to s i x  ave rag e pe rme ab i l i ty zo ne s  wi th are a , poros i ty , 
and ne t pay a s  shown for e a c h . Re se rvo i r  pre s s ure i s  2 , 1 0 0  PS I A  
and temperature i s  l 3 5 ° F . Ga s i n  place can be e s t ima ted f rom 
these data . Max imum reco verable gas i s  based on reco ve ry fac tor s 
i n tended to compens a te fo r l ack o f  con t inu i ty i n  f l ow c hanne l s . 

1 4 - 9 
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Tota l Bas i n  Area ( Sect i on s ) : 7 1 00 
Type : Lent i c u l a r 

NGL ( BB L/MMCF ) :  20 . 

Average P rod uct i ve H/C Gas Net Pay 
Perm . Area Poros i ty Th i ckness 

f-' ( MD ) ( Sect i on s ) ( % ) ( Ft . ) 
""" 
I 

f-' 
f-' o . 1 4 7 1 2  

0 . 03 25 6 22 

0 . 0 1 78 5 . I 34 

0 . 003 1 3 1 4 . 4  48 

0 . 00 1 8 1  3 . 8  62 

0 . 0003 3 5  3 . 2  80 

354 

TABLE 1 4- 4  

Geo l ogi ca l Data Summary 

Bas i n :  P i cea n ce 
S u b bas i n :  
Format i on :  Ft . U n i on 

E st i mated Max.  
Gas i n  P l ace · at Recoverab l e  
Reservo i r  Con d .  Gas 

( BCF ) ( BCF ) 

1 4  1 1  

1 40 1 07 

5 73 423 

1 ,  1 72 805 

8 09 52 1 

380 230 

3 , 088 2 , 09 7  

Depth ( Ft .  ) : 
Pressure  ( P S I A ) : 
Temperature ( °F ) : 

5000 
2 1 00 

1 3 5  

For E ach Dr i I I i ng Locat i on W/C : 
Proba b  i I i ty Proba b i  I i ty that W/C i s  

That State of Prod uct i ve ,  G i ven that 
Nature i s  State of Nature i s  Prod. 

P roduct i ve 1 st W/C 2nd  W/C 

0 . 20 I . 0  

0 . 40 I . 0  

0 . 45  I . 0  

0 . 5 5 I . 0  

0 . 6 5  I . 0  

0 . 7 5  1 . 0 



Da t a  fo r each d r i l l i ng loca t ion i n c lud e s  probab i l i ty d i s t r i bu
t ion for s ta te o f  n a t ur e , f i r s t  w i l d ca t ,  and s e cond w i ldca t .  For 
the 0 . 1  MD z o ne , the s t a te o f  nature i s  0 . 2 prod u c t ive ( and 0 . 8 
d ry ) . Th i s  means tha t  e i g h t  out  o f  ten w i ld c a t s  d r i l l e d  i n  0 . 1 MD 
l oc a t i ons wi l l  be d ry . Th e probab i l i ty o f  the f i r s t  w i l d c a t  d r i l 
led i n  apro d uc t i ve area be i n g  product i ve i s  1 . 0 . A s e cond w i l d c a t  
i s  not n e c e s sary . As ne t pay i ncreas e s ,  the probab i l i ty th a t  the 
s tate of n a t ur e  w i l l  be prod uct i ve increase s .  

GAS PRODUC T ION 

Th e produc t ion rates e s t ima ted for the range o f  res ervo i r  char
a c ter i s t i c s are shown in Table 1 4 - 5  for th e we l l s in th e For t  Un ion 
forma t ion . Th ese rates are fo r the base case technology wi th frac
t ure s of 1 , 0 0 0  foo t rad iu s . The ann u a l  gas  pro d u c t ion in m i l l ions 
of s tand a rd cub i c  feet pe r ye ar pe r we l l  and the cumu l a t ive prod uc
t ion ove r  a 3 0  ye ar per iod are g i ve n . Tab l e  1 4 - 6  s h ows the d a t a  
for t h e  ad va nced tech no logy u s i ng f r ac t ur e s  up t o  4 , 0 0 0  foot 
rad i u s . 

We l l  prod u c t i v i ty d a ta are ta bulated i n  Tab l e s 1 4 - 5  for the 
b ase case and Ta b le 1 4- 6  for the advanced c a s e . No te that  the 0 . 2 
M D  we l l  h a s  the be s t  i n i t i a l  prod u c t ion r a t e  ( ye a r  1 )  o f  a l l  pe r
meab i l i t ie s , but tha t prod uc t ion d e c l i ne s  rap i d ly to only 5 MMCF/ 
yr . by yea r  1 0 .  To t a l  prod uct ion fo r 3 0  years i s  on l y  0 . 6 4 9  BCF . 
Th e ad va nced c a s e  0 . 1  MD we l l , Tab l e  1 4- 6 ,  i s  s im i lar when compared 
to oth e r  ad vanced c a s e  we l l s . 

Th e For t Un ion forma t ion reservo i rs are sma l l  l e n t i c u l a r  bod ies 
many of wh ich are connec ted to the we l l s  only by the f r a c t u re s . 
Depend i ng on the s i z e and area o f  f i e l d  d i sco vered the n umber o f  
d eve l opme nt we l l s needed f o r  th e f i e l d  i s  c a l cu l a ted . Th e s e  are 
e s t i ma ted for each 6 4 0  acre sect ion o f  the f i e l d . Ult i ma te pro d u c 
t ion pe r we l l  f rom Tab l e s  1 4 - 5  a nd 1 4- 6  we re u s ed t o  comp ute the 
numbe r o f  we l l s  pe r s e c t ion req u i red to prod u c e  a l l  g a s  in Ta ble 
1 4 - 7 . 

Re coverable gas  from an actual  we l l ,  Tab l e  1 4- 7 ,  for bo th base 
a nd ad vanced c a s e s  should be compared to the Ma x imum Re cove rable 
Ga s co l umn in Tab l e  1 4 - 4 . The c urre n t  pra c t i c e  o f  d r i l l i ng no more 
than four we l l s pe r s e c t ion ( b ase case ) r ed u c e s  recoverable g a s  
from 2 , 0 9 7  BC F to 1 , 1 3 0  BCF . The ad va nced c a s e  re d u c t i on i n  recov
e ry is from the 2 , 0 9 7  B CF ava i l ab le to 1 , 8 3 5  B CF . 

ECONOM ICS 

The bas i c  geolo g i c  and prod uct ion data h ave been used i n  a 
f ul l-cyc le expl ora t ion and produc t ion s imu l a to r  mode l .  Th i s  mode l 
cons iders  a l l  c o s t s  and r i sks as soc i a te d  w i th f ind i ng and prod u c i n g  
t ig h t  g a s  from both b lanke t a n d  l e n t i c u l ar reservo i rs . Th ere are 
four ma j or prod uc ing forma t ions for t i gh t ga s .  Ga s i s  produced i n  
the mode l f r om each o f  the s e  separate ly . We l l s  a r e  a l so comp l e ted 
in two forma t ions where geo logy and goo d  we l l  comp l e t ion pra c t ice s 

1 4 - 1 2  



TAB L E  1 4- 5  

W E L L  P R O D UC T I ON S U M M A R Y - - B A S E  C A S E  

P I C E A N C E ,  F O R T  U N I O N 

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 0 0 3  0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 00 0 1  C M D J  0 . 1  o . o 3 o . o 1  0 . 0 0 1  0 . 0 0 0 3  
Y E A R  

1 3 1 1  2 2 8  1 7 6 1 2 4  1 1 0  5 3 

I-' 2 1 2 2  1 1 7 9 1  6 5  5 7  2 8 
,j::. 

I 

I-' 
w 

5 2 6 5 8  5 1 3 6  3 3  1 6  

1 0 5 3 0  3 0 2 5  2 2  1 1  

1 5  2 1 7  2 4  2 0 1 8  9 

2 0 1 7 1 8  1 6  1 5  7 

3 0  0 2 1 1  1 2  1 1  6 

3 0 - Y E A R 
C U I'I M . 
P R OD .  6 4 9  9 4 9  1 0 2 0  8 0 9  7 1 9  3 6 9  

C I'I M C F ) 



TABL E  1 4-6 

W E L L  P R OD U C T I ON S U M M A R Y - - A D V A NC E D  C A S E  

P I C E A N C E ,  F O R T  U N I O N  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A R  

1 3 4 8  2 8 3 2 1 3  1 4 9  1 5 9  8 8  

I-' 2 1 6 1 1 4 6  1 1 0 7 5  7 2  3 8  ol::> 
I I-' ol::> 

5 6 0  7 5  6 2  4 2  4 1  2 1  

1 0  1 6  4 2  3 7  2 8  2 7  1 4  

1 5  6 2 7  2 9  2 1  2 1  1 1  

2 0  2 1 7  2 2  1 6 1 6  9 

3 0  0 7 1 4  1 1  1 2  6 

3 0- Y E A R 
C U M M . 
P R O D . 9 8 0  1 3 5 0  1 2 2 9  8 9 0  8 9 9 4 8 0 

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 

t-' ( MD )  ALL GAS [ MAX=4 1 
""" 
I 

t-' 
U1 

• I 4 . 5 4 

. 03 4 . 6  4 

. 0 1 5 . 3 4 

. 003 7 . 7  4 

. 00 1 8 . 9  4 

. 0003 1 7 . 4  4 

TABLE 1 4- 7  

PRODUCT I ON WE LL REQU I RE MENTS 

BAS I N : P i cea nce 
SUB-BAS I N :  -
FORMAT I ON :  Ft . U n i on 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BCF ) ALL GAS 

1 0  3 . 0  

93 3 . 2  

32 1 4 . 4  

4 1 9 6 . 9  

234 7 .  I 

53 1 3 . 5  

1 1 30 

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WEL LS 

[ MAX= I 2 1  ( BC F ) 

3 I I  

3 96 

4 38 5 

6 700 

6 438 

1 2  205  

1 83 5  



permi t .  Th e P i c eance i s  d iv ided i n to seven t ig h t g a s  s ub -b a s i ns 
depend i ng on the k in d s  o f  we l l  comple t ion s . The s e  are l i s ted i n  
Tab l e  1 4- 8 .  

Th e i nve s tme nt req u i red and the e conom i cs o f  g a s  prod u c t ion 
var ie s  s ub s t an t i al ly from one s ub-ba s i n  to ano the r .  

Tab l e  1 4- 9  pre s e n t s  i nves tme n t  and ope ra t i ng e xpen s e s  for the 
Fort Un ion P- 1 s ub-bas i n . Th e reason for the range of f r a c t ur e  
cos t s  i s  that  ne t p a y  th i ckness  increases  a s  pe rmeab i l i ty 
d e crease s ,  r eq u i r ing greater vo l ume s o f  frac f l u id and proppa n t . 
The r e a son ad vanc ed case fract ure s cos t more than b a s e  c a s e  i s  tha t 
f ract ure l e ng t h  i s  g reater for the advanced c a s e . 

We can d i sc u s s  now the Fort Un ion e conom i cs s umma ry , Tab l e s  
1 4 - 1 0 ,  1 4 -1 1 .  Af ter t h e  cus toma ry iden t i f i c a t ion e n t r ie s , we f ind 
r ows o f  e n tr i e s  beg inn i ng w i the " c ase number " and con t i n u ing a c ros s 
the page . There are three s e t s  o f  d a t a  corre s pon d i ng to d i scoun t 
r a tes o f  1 0  perce n t , 1 5  percen t , a nd 2 0  percen t . Eac h  s e t has  g a s  
s e l l i n g  pr i ce from $ 1 . 5 0/MC F t o  $ 1 2 . 0 0/MC F . Case n umbe r 1 3 0 2 1 1 1 ,  
Tab l e  1 4- 1 0  i s  a base case a t  $ 1 . 5 0 per M C F  p r i c e  and 1 0  percent 
d i scount rate . Remembe r  tha t  the e n t i r e  prod u c t ive area i s  dr i l le d  
i n  o rd e r  t o  eva l u a te th i s  $ 1 . 5 0  pr ice . On ly 1 3 . 2 perc e n t  o f  t h e  
prospe c t s  wer e  pro f i tabl e .  Pe rmeab i l i ty l eve l s  0 . 0 3 M D  and 0 . 0 1 
M D ,  c oded C a nd D ,  c ame on stream . Al l other pe rme ab i l i t i e s  we re 
te s ted but were unpro f i table . The i nves tme n t  averaged $ 1 . 5 8 3  m i l 
l ion and n e t  pr e s e n t  va l u e  a t  1 0 %  d i sc ou n t  rate  wa s neg a t ive $ 4 0 2  
thousand . DC F r a te o f  ret urn was zero . No gas  i s  r e coverable i n  
th i s  fo rma t io n  a t  $ 1 . 5 0  per MCF i f  1 0  percent rate o f  r e t u r n  i s  
req u ired . 

The q u e s t ion may be 
M D )  wa s not on s tream . 
s hows i t  i s  i n fe r ior to 
i t  doesn ' t  pay ou t .  

asked why the be s t  pe rmeab i l i ty Zone B ( 0 . 1  
A r ev i ew o f  i t s  per formance on Ta b l e  1 4- 5  
zone s  a t  0 . 0 3 a nd 0 . 0 1 M D  and , the r e fore , 

Fo r Cas e  Numbe r 1 3 0 2 1 2 1  the gas pr i ce i s  $ 2 . 5 0 .  Othe r  perme
ab i l i ty l ev e l s  are s t i l l  un econom i cal , b u t  the h ig h er pr i c e  does  
br ing the DC F r a te of  ret urn to 9 . 0 pe rcen t .  The n e t  pre sen t va l u e  
i s  neg a t ive $ 3 8  thou sand a t  1 0  p e r c e n t  d i scou n t  r a te . Fo r the 
purpose of th i s  s t udy , no gas is ava i l ab l e  a t  $ 2 . 5 0 .  

Con t i n u ing w i t h  Case Numbe r  1 3 0 2 1 3 1  a t  $ 3 . 1 0 ,  we f i nd 3 0 . 9  pe r
cent of the pros pe c t s  d r i l led to be pr of i table and tha t Z o ne E 
( 0 . 0 0 3  M D )  ha s j o ined C and D as  pro f i tabl e .  Th i s  i n c r e a s e s  th e 
gas  pe r pr os pe c t  to 4 . 1 7 6  B CF for an ave rage i nve s tme nt o f  $ 2 . 8 7 1 
m i l l ion . Ra te o f  ret urn i s  1 8 . 4 perc e n t  a nd ne t pre s e n t  va l u e  $ 5 3 3  
tho u s and . From Ta b le 1 4- 4 ,  i t  i s  l e arned tha t ma x imum re cove rable 
gas for the s e  zone s is 1 , 3 3 5  BCF . From Tabl e  1 4 - 7 base c as e , the 
re cove rab l e  gas from a c t ua l  we l l s  i n  the s e  three z o ne s  is 8 3 3  B CF . 
The s e  va l ue s  are s h own on Tab l e  1 4 -1 0 .  There are 1 9 9 prospe c t s  
ava i l ab le in the prod uc t ive area o f  t h e  ba s i n a t  t h e  $ 3 . 1 0  pr ice 
l e ve l . Th i s  n umber i s  obta ined by d i v i d i ng 8 3 3 BC F ava i l ab l e  by 
4 . 1 7 6  B CF per pr os pe c t . Th e pr og r am l i s t s  the we l l  req u i reme nts as 
1 3 8  d ry w i ld ca t s , 6 1  prod uct ive w i ld cat s ,  1 8 3  d ry d e v e l o pme nt 
wel l s , a nd 7 3 2  produc ers . Th i s  is a to tal of 1 , 1 1 4 we l l s . 

1 4 - 1 6  



I-' 
� 
I 

I-' 
--J 

S u b- B a s i n  
N umbe r 

P - 1 

P- 2 

P - 3 

P - 4  

P - 5 

P - 6  

P - 7 

Ta b l e  1 4- 8  

S U B - BA S I N S O F  P I CEAN C E  BA S I N  

Fo rma t i on s  
i n  S u b - B a s i r  

F o r t  U n i on 

M e s a  V e r d e  8 0 0 0 ' 

C o r c o r a n - C o z e t t e  

F o r t  U n i on ,  M e s a  V e r d e  

Fo r t  U n i on ,  C o rco ra n Coz e 1 t e  

C o r c o r a n - C o z e t t e , Mes a V e r d e  

L owe r C re t a ceo u s , J u r ra s i c  
( Da ko t a , C e d a r M t .  , Mo r r i s on )  

TOTA L  

N um b e r o f  
P ro d uc t i ve M a x i m um 
S e c t i on s  Recove r a b l e  
i n  S u b - B a s i n  B C F 

-

3 5 4 2 , 0 9 7  

1 4 4 3  2 0 , 1 5 5 

3 69 2 , 2 9 4 

1 0 1  2 , 0 4 0  

5 1  5 9 6 

1 8 0 3 , 5 09 

6 4 6  2 , 2 8 8  

3 1 4 4 3 '2, 979 



I-' 
""" 
I 

I-' 
00 

TABLE 1 4-9  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : P i ceance 
SUB-BAS I N : 
FORMAT I ON :  Ft . U n i on 

Geo l ogy a n d  Geophys i cs ( $/Pros pect ) 20 , 000  

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fractu re ) 
Ad vanced Cas e  [ 2000/4000 Ft . Fracture ) 

Surface Eq u i pment ( $/We l l )  

A n n ua l Operat i ng Expe n se ( $/We i I )  

Compres sor  Fue l Cost ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

294 , 000 

1 42 , 000 - 282 , 000 
283 , 000 - 5 53 , 000 

4 5 , 000 

1 0 , 000 

. 03 1 1 



TABL E  1 4- 1 0  

ECONOM I C S  SUHHAHY1 
eAS I N  f I ccac,a: fEC HNOLOGY Base 

sua eAS I N  FORMAT I ON F t .  Un I on  DATE May 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS  
PROF I T . K-LEVELS E & P GAS NET PRES . OCF RATE KAX NO . W I  LOCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • KAX RECOV. PROSP . SUCCESS W I LDCAT DEVELOPMENT 
f_ASE NO . S /HCF _% __ NO . VA LUE * _w_ � �H % AT PR I C E  8 C F  G I P  B C F  A T  PR I CE :& DRY PROD . � PROD . TOTAL 

o i s cour1 t Ra t �  1 o·x, 
1 302 1 1 1 I .  so 1 3 . 2  2 co  1 583 1 . 892 - 402 0 - - - 1 3 . 2  

2 1  2 . 50 " " " " " - 38 9 . 0  - - - 1 3 . 2  
3 1  3 .  1 0  30 . 9  3 COE 287 1 4 .  1 76 5 33  1 8 . 4 833 1 335 1 99 30. 9 1 38 6 1  1 83 732 1 1 1 4 
4 1  3 . 50 47. 1 5 BCDEF 5570 7 . 960 1 3 1 1 2 2 . 9  1 077 1 867 1 35 47. I 7 1  64 264 1 054 1 45 3  
5 1  5 . 00 " " " " " 2993 39 . 8  " " " " " 
6 1  7 . 00 " " " " " 5236 60 . 4 
7 1  9 . 00 55 . 6  6 BCOEFG 6268 8 . 426 77 1 9  76. 7  1 1 30 2097 1 34 5 5 . 6  5 9  75 292 1 168  1 591t 
8 1  1 2 . 00 " " " " " 1 1 2 74 1 00 . 4  

O i s coun t R a t e  1 5"1.. 
1-' 1 2  I . 50 0 0 - 684 0 - 408 0 - - - 0 
� 2 2  2 . 50 1 3 . 2  2 co  1 583 1 . 892 - 1 82 9 . 0  - - 1 3 . 2  I 3 2  3 . 1 0  30 . 9  3 CDE 287 1 4 . 1 76 1 58 1 8 . 4  833 1 335 199 30. 9  1 38 6 1  1 83 732 1 1 1 4 
1-' 42 3 .  s o  " " " " " 343 2 2 . 4 " " " " " " " " " 
\.0 

5 2  5 0 0  4 7 .  1 5 BCDEF 5 570 7 . 960 1 746 39 . 8  1 077 1 867 1 35 47. 1 7 1  64 261t 1 054 1453  
6 2  7 . 00 " " " " " 3327 60 . 4  
72 9 . 00 " " " " " 4908 78 . 3  
B2 1 2 . 00 55 . 6  6 BCDEFG 6268 8 . 426 7543 1 00 . 4  1 1 30 2097 1 34 55 . 6  59 75 292  1 168  1 594 

D i scou n t  Ra te  2� 
1 3  I .  s o  0 0 - 684 0 - 4 1 3  0 - - - 0 
2 3  2 . 50 2 . 0  1 c 836 . 260 - 376 0 - - - 2 . 0  
33  3 . 10  1 3 . 2  2 CD 1 583 1 . 892 - 1 56 1 3 . 8  - - - 1 3 . 2  
43 3 . 50 1 0  " " " " -8 1  1 6 . 8  - - - " 
53  5 . 00 47 . 1 5 BCOEF 5570 7 . 960 1 048 39 . 8  1 077 1 867 1 35 47. 1 7 1  64 264 1 054 1453  
6 3  7 . 00 " " " " " 2 2 36 60 . 4  
7 3  9 . 00 " " " " " 3427 78. 3  
83 1 2 . 00 55 . 6 6 BCDEFG 6268 8 . 426 5384 1 00 . 4  1 1 30 2097 1 34 5 5 . 6  5 9  75 292 1 1 68 1 594 

• CODE : B C 0 E F G 
o .  I 0 . 03 0 . 0 1  0 . 003 0 . 0 0 1  0 . 0003 



TABLE  1 4- 1 1 

EC ONOM I C S  SUMt111HY,_ 
eAS I N P i ceance fECHNOLOGY Ad�,uu;cd 
SUB eAS I N  FORMAT I ON Ft. Un i on  DATE Hay 1280 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
PROF I T . K -LEVELS E & P GAS NET PilES . DCF  RAT E MIIX N O .  W I  LOCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VALUE OF  RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI  LOCAT DEVE LOPMENT 
CASE N O . S /MCF __ %_ NO . VA LUE * __itL_ � �M % AT PR I C E  8CF  G I P  BCF  AT PR I CE :& DRY PROD . !!..!!! PROD . � 
O i s coun t Ra t �  1 0 �  
1 3022 1 1  I .  50 0 0 - 852 0 -497 0 - - - 0 

2 1  2 . 50 1 3 . 2 2 CD 1 960 2. 1 92 - 77 8 . 4 - - 1 3 . 2 
3 1  3 . 1 0  30 . 9 3 C DE 4582 5. 940 693 1 7 . 6 1 1 8 1  1 335 199 30 . 9  1 38 6 1  2 4 1  965 1 405 
4 1  3 . 50 47 . I 5 BCOEF 1 0 1 96 1 2 . 856 2070 22 . 8 1 630 1 867  1 2 7 47 .  I 6 7  6 0  356 1 4 1 8  1 900 
5 1  5 . 00 

" " " " " 487 1 4 1 . 9  
6 1  7 . 00 

" " " " " 8606 66 . 3 
7 1  9 . 00 5 5 . 6  6 BCOEFG 1 34 1 6  1 4 . 497 1 327 1  8 1 . 7  1 835 2097 127 55 . 6  56 7 1  447 1 788 2 362 
8 1  1 2 . 00 

" " " " " 1 9658 1 1 2 . 0 " " " " " " " " " 

D i scoun t Ra te  1 '1"1. 
I-' 1 2  I . 50 0 0 - 852 0 -50 1 0 - - 0 
ol::> 22 2 . 50 1 3 . 2  2 co  1 960 2. 1 92 -246 8 . 4 - - 1 3 . 2  
I 32 3 .  I 0 " " " " " - 79 1 2 . 9  - - - " 

N 42 3 . 50 " " " " " 33 1 5 . 8 48 1  5 30 2 1 9  " 1 90 29 79 3 1 5  6 1 3  
0 52 5 . 00 47 . I 5 BCOEF 1 0 1 96 1 2 . 856 2844 4 1 . 9  1 630 1 867  1 27 47 . I 67 60 356 1 4 1 8  1 900 

62 7 . 00 " " " " " 5479 66 . 3 
72 9 . 00 " " " " " 8 1 1 3  87 . 8 
82 1 2 . 00 55 . 6 6 BCDEFG 1 34 1 6  1 4 . 497 1 3 1 26 1 1 2 . 0 1 835 2097 1 2 7  55 . 6  56 7 1  447 1 788 2 362 

V i scoun t Ra t e  2� 
I 3 I . 50 0 0 - 852 0 -504 0 - - - 0 
2 3  2 . 50 2 . 0 I c 994 . 285 -465 0 - - 2 . 0  
33 3 . 10  1 3 . 2  2 co  1 960 2. 1 92 -2 1 5  1 2  0 9 - - 1 3 . 2  
43 3 . 50 " " " " " - 1 28 1 5 . 8  - " 

5 3  5 . 00 47 . I 5 BCDEF 1 0 1 96 1 2 . 856 1 7 1 7  4 1 . 9  1 6 30 1 86 7  1 2 7  4 7 .  I 67  60 356 1 4 1 8  1 900 
63 7 . 00 " " " " " 3696 66 . 3  
7 3  9 . 00 " " " " " 5675 87 . 8  
8 3  1 2 . 00 5 5 . 6  6 BCOEFG 1 34 1 6  1 4 . 497 9338 1 1 2 . 0  1 835 2097 1 27 55 . 6 56 7 1  447 1 788 2 362 

- COD E : B C D E F G 
0 . I 0 . 0 3  0 . 0 1  0 . 003  0 . 00 1  0 . 0003 



Th e 1 5  percent d i scoun t rate i s  s im i lar to the 1 0  pe r c e n t  r a te . 
Howe ve r ,  $ 3 . 5 0 w i l l not br i ng Zone F on s tre am a t  1 5  pe rce n t  as i t  
d id a t  1 0  perc e n t  d i scou n t  r a te . At 2 0  percent rate , $ 5 . 0 0  per MCF 
i s  req u i red to t urn a pro f i t  i n  the ne t pre sen t va l u e  co l umn . 

Th e DC F rate o f  ret urn a t  $ 1 2 . 0 0/MC F i s  1 0 0 . 4 percen t .  Th i s  
br ing s  o n  al l the g a s  av a i l able i n  the base c a se fo r the 1 5  percent 
and 20  perce n t  d i scoun t rate s . Th e $ 9 . 0 0 pr i c e  w i l l  b r i n g  on al l 
gas ava i l ab le a t  1 0  percent d i scou n t  r a te . 

Th e ad vanced case , Tab l e  1 4- 1 1 ,  i s  i n te rpre ted i n  the s ame 
manne r .  One should con tra s t  the amo un t o f  gas  r e co verable in th e 
advanced case a t  each pr ice w i th amount of g a s  recove rab l e  i n  the 
base case . Th e E and P i nves tment i s  greater for the ad vanced 
ca se , bu t rates o f  return are be tter than tho se o f  base c a s e . 

Th e ba s i c ge olog i c  d a ta pr esented in Tab le 1 4 - 4  h ave be e n  run 
through a s e r i e s  o f  prod u c t io n , e xplora t ion and econom i c  mode l s . 

The range o f  in forma t ion ava i l able from these tables may be 
i l lu strated by the Fo rt Un ion , b ase case . For Ca se No . 1 3 0 2 1 5 2  
under a min imum acc ep tab l e  d i scount rate o f  1 5  percent and a g a s  
pr ice of $ 5  per MCF , t h e  e xpec ted amo u n t  o f  g a s  recoverable from 
the For t Un ion forma t ion al one wo uld be 1 , 0 7 7  BCF . In deve l o p i n g  
th i s  amount of gas  a to tal o f  1 3 5  prospe c t s  wo u l d  h ave b e e n  te s ted 
w i th a 4 7  percent s ucce s s  requ i r i ng a total of 1 , 4 5 3  we l l s  of wh i c h  
1 , 1 1 8  wo u l d  be pr oduc ers . Under the base c a s e  a max imum o f  four 
holes would be d r i l l ed per s e c t ion w i th a frac rad i u s  capab i l i ty o f  
1 , 0 0 0  f e e t . Pe rme ab i l i ty traps as l ow a s  0 . 0 0 1  MD wo u l d  be 
d r i l l ed . The average E & P  i nve s tme nt for the total prospe c t s  
d r i l led , both s uc ce s f u l  and un suc c e s s f ul , wo u l d  b e  5 . 5 7 MM$ w i th 
average re serve s  o f  7 . 9 6 BCF . The aver age re cove ry per s ucce s s f u l  
pros pe c t  can b e  obta ined a s  fo l lows : 

1 3 5  ( max . no . pr os p .  @ $ 5 . 0 0/MCF ) t ime s . 4 7 1  ( percen tage 
s ucce s s f ul pros p . )  = 6 3  the n : 1 , 0 7 7  BC F d i v id e d  by 6 3  ( to ta l  
s uc ce s s ful  prosp . )  = 1 7  B CFjs ucce s s ful  prospe c t . 

Th e tab le shows the l owe s t  two pr ice l e v e l s  wo u l d  g e ne r a te 
rates o f  re t urn l e s s  than 1 5  percen t .  At the pr i c e  o f  $ 5 . 0 0  pe r 
MCF the ma x imum re cove rab le G I P  wou l d  be 1 , 8 6 7  B C F . Howe ver , th i s  
amoun t  wo uld be recovered only i f  1 2  wel l s  o r  more per s e c t ion wer e  
t o  b e  d r i l led w i th f r a c  capab i l i ty o f  4 , 0 0 0 ' r ad i us - - the adva nc ed 
case f ul l y developed . 

PERFORMANCE OF THE P I C EANC E BAS IN AS A WHOLE 

Th e te x t  and tab les cove red thus far have concen tra ted on the 
s ub-ba s i n  P- 1 ,  the For t  Un ion forma t ion . Tab le s 1 4 - 1 3 to 1 4 - 5 4  
g ive s im i lar d a ta fo r each o f  the rema in i ng s i x s ub-bas i n s . 

In s umma ry ,  the P i c eance und i scove red t ig h t g a s  that  i s  po ten
t i al ly prod uct ive is sh own in Tab l e  1 4 - 1 2 .  The s e  e s t ima tes are fo r 
three pr i c e s  for the g a s  i n  dol lars pe r tho u sand cub i c  fee t a t  the 
prod uc ing f i e l d . A 1 5  pe rcent rate of re t urn wa s used for these 
gas resource e s t ima te s . 

1 4 - 2 1  
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Bas i n  Tota l 

TABLE  1 4- 1 2 

SUMMARY OF P I CEANCE  BAS I N  GAS POTEN T I AL 

( BCF ) 

B A S E  

F O R M AT i O N $ 2 , 5 0  s s . oo 

Corcora n Cozette 1 29 1  1 86 5  
Fort U n i on 0 1 077  
Mesa V e r d e  8000 8047 985 1 
Cor coran Cozette , Mesa Verde 2 288 2665 
Fort U n i on ,  Mesa V erde 772 1 029 
Fort Un i on ,  Corcoran Cozette 4 7 5  482 
Lower Cretaceou s ,  J u ras i c  0 1 454  

1 28 73 1 8423 

5 9 . 0 0  S 2 , 5 0 

1 8 84 22 1 6  
1 077 0 

1 0467 5579  
2665 3 224 
1 072 1 2 1 4 
482 596 

1 7 7 5  0 

1 9 422 1 2829 

AD V AN C E D  

5 5 . 00 5 9 . 00 .....___ --

2294 2294 
1 630 1 630  

1 5 079 1 74 1 3 
3 5 09 3 5 09 
1 6 1 9  1 9 8 1  
596 596 

1 700  2288 

264 27 297 1 1 
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TOTAL BAS I N  AREA ( SECT I ONS ) : 7 1 00 
TYPE : B l a n ket 

NGL C BBL/MMC F ) : 20 . 

AVERAGE PRODUCT I V E H/C GAS 
PERM .  AREA PORO S I TY 
CMD ) ( SECT I ONS ) ( % ) 

0 . 1 22 6 . 5 

0 . 030 8 1  5 . 5  

0 . 0 1 0  1 22 4 . 9 

0 . 003 1 00 4 . 2 

0 . 00 1 33 3 . 7  

0 . 0003 1 1  3 . 3 

369 

NET PAY 
TH I CKNESS 

( FT . ) 

1 6  

24 

34 

46 

60 

70 

TABLE 1 4- 1 3 

GEOLOG I CAL DATA SUMMARY 

BAS I N : P i ceance 
SUBBAS I N :  -
FORMAT I ON :  Corcora n  Cozette 

EST I MATED MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

C BCF ) C BCF ) 

1 1 7 98 

547 429 

1 038 764 

987 68 1 

374 244 

1 30 7 8  

3 1 93 2294 

DEPTH C FT . ) :  6000 
PRESSURE C P S I A ) : 2600 
TEMPERATURE ( ° F ) : 1 45 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STAT E OF PRODUCT I V E ,  G I VEN THAT 
NATURE I S  STATE O F  NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

0 . 20 1 . o  

0 . 40 I . 0  

0 . 50 1 . 0 

0 . 60 1 .  0 

0 . 70 1 . 0 

0 . 80 1 . o 



TABL E  1 4- 1 4  

W E L L P R O D U C T I ON S U M M A R Y- - B A S E  C A S E  

P I C E A N C E ,  C O R C O R A N- C O l E T T E  

G A S  P R O D U C T I O N  C M M C F / Y E A R / W E l l )  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 1  0 . 0 3  o . o 1  K • 0 . 3  
Y E A R  

0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  

1 3 5 3 2 70 2 1 0 1 4 1  9 8  5 7  

I-' 2 2 4 3  1 7 1  1 2 5  7 8  5 3  3 1  
.1:>-

I 
N 
U1 5 1 7 6 1 1 7  8 0 5 1  3 2  1 8 

1 0  1 3 0 9 3  6 2  3 7  2 3  1 3  

1 5  1 0 5 8 0  5 4  3 1  2 0  1 0  

2 0  8 2  7 2  4 9  2 8 1 8 9 

3 0  6 2  5 8  4 3  2 4  1 5  7 

3 0- Y E A R 
C U M M . 
P R O D . 3 6 3 8 2 7 7 5  1 9  5 1  1 1 7 6 7 6 2  4 1 9 

( M M C F ) 



TAB LE 1 4- 1 5  
W E L L  P R OD U C T I ON S U M M A R Y -- A D V A N C E D C A S E  

P I C E A N C E ,  C O R C O R A N- C O Z E T T E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  o . o o 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 5 4 9  6 2 1  5 5 3  4 6 2  3 4 5  2 1 7  

f-' 
2 3 7 5  4 3 2 3 5 6 2 7 2  1 9 5  1 1 9 .!::> 

I 
t-v 
0'1 

5 2 5 7 2 9 2  2 3 6 1 6 7  1 1 6  6 9  

1 0  1 9 5 2 2 0  1 7 3  1 2 0  8 1  4 8  

1 5  1 6 2 1 8 1  1 4 6 1 0 0 6 9  3 9  

2 0  1 3 5 1 5 9 1 2 8  8 9  6 1 3 4  

3 0  1 0 8 1 2 5  1 0 5  7 3  4 9  2 8  

3 0- Y E A R  
C U M M . 
P R O D . 5 6 5 1  6 4 5 5 5 2 7 1  3 7 8 1  2 6 2 9  1 5 5 4  ( M M C  F ) 



TABLE 1 4- 1 6 

PRODUCT I ON WE LL  RfQU I REMENTS 

BAS I N : P i ceance 
SUB-BAS I N : 
FORMAT I ON :  Corcoran-Cozette 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WELLS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 

I-' ( MD )  ALL GAS l MAX=4 1 ( BCF ) ALL GAS [ MAX= I 2 1  ( BCF ) 
.:::. 

I 
N 
-....] 

• 1 1 . 2 1 . 2  98 . 7 7  . 7 7 98 

. 03 1 . 89 1 . 89 429 • 8 1  • 8 1  429 

. o 1 3 . 1 9  3 . 1 9  764 1 .  1 8  I .  1 8  764 

. 003 5 .  77 4 4 72 1 . 79  1 .  79 68 1 

.00 1 9 . 54 4 1 02 2 . 76 2 . 76 244 

. 0003 1 6 . 7 1  4 1 9  4 . 5  4 . 5  78 

1 884 2294 
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TABLE 1 4- 1 7 

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : P i ceance 
SUB-BAS I N :  
FORMAT I ON :  Corcoran-Cozette 

Geo l ogy and  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost C $/We I I )  

Fracture Cost ( $/We i I )  

Base Ca se [ 1 000 Ft . Fractur e ]  
Ad van ced Ca se [ 2000/4000 Ft . Fracture ]  

Surface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

20 , 000 

37 5 , 000 

92 , 000  - 1 42 , 000 
1 1 6 , 000 - 504 , 000 

4 5 , 000  

1 0 , 000 

. 03 1 1 



TAB L E  1 4- 1 8 

ECONOM I CS SUMMARY 
BAS I N  P i ceance TECHNOLOGY Base 
SUB BAS I N  FORMAT I ON Ccrccraa Caz�tte DATE May 1280 

AVERAGE PER PROSPECT BAS I N  TOTALS W E LLS 
PROF I T . K -LEVELS E & p GAS NET PRE S .  DCF  RATE MAX N O .  W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
CASE NO . VMCF __ % __ NO . VALUE * _w__ � �M % AT PR I C E,BCF G I P  BCF  AT PR I CE '& Q!!Y. PROD . D RY PROD . I..Q1Ah. 
D i scount  Rate l �k 
1 30 1 1 1 1  1 .  50 25 . 2 3 BCD 1 393  3 .  1 2 1  - 1  9 - 9  1 29 1  1 29 1  4 1 4  25 . 2  3 1 0  1 04 1 33 534 1 08 1  

2 1  2 .  50 4 1  .2  4 BCDE 2 1 1 6  4 . 940 695 2 2 . 0  1 763 1 972 399 41 . 2  235 ) 04 243 970 1 6 1 2  
3 1  3 . 1 0  " " " " " 1 1 28 2 9 . 6  " " " " " " . . .  " " 
4 1  3 . 50 47 . 5 5 BCDEF 2 3 1 5 5 . 259 1 4 6 1  34 . 1  1 865 22 1 6  355 4 7 . 5  1 86 1 6 9  242 967 1 563  
5 1  5 . 00 " " " " " 2607 5 3 . 0  " " " " " " " " " 
6 1  7 . 00 50 . 7  6 BCDEFG 2448 5 . 368 4 1 72 75 . 5 1 884 2294 35 1  50 . 7  1 73 1 78 256 1 022 1 629 
7 1  9 . 00 " " " " " 5730 96 . 6 
8 1  1 2 . 00 " " " " " 8068 1 24 .  1 

D i scoun t Rate 1� ...... 1 2  1 .  50 1 1 . 0 2 BC 84 1 1 .  3 1 5  - 2 1 4  5 . 1 527 527 401 1 1 . 0 357 44 42 1 68 6 1 1 """ 22 2 . 50 2 5 . 2  c BCD 1 393  3 .  1 2 1  1 94 2 1 . 1  1 29 1  1 29 1  4 1 4  2 5 . 2  3 1 0  1 04 1 33 534 1 08 1  I 32 3 . 1 0  4 1  . 2  4 BCDE 2 1 1 6  4 . 940 591  29 . 6 1 763  1 972 399 41 . 2  235 1 64 243 970 1 6 1 2  f\..) 42 3 . 50 " " " " " 795 34 . 7  " " " " " " " " " 1.0 
5 2  5 . 00 4 7 . 5 5 BCDEF 2 3 1 5  5 . 259 1 623 53 . 0 1 865 2 2 1 6  355 47 . 5  1 86 1 69 242 967 1 563  
62  7 . 00 " " " " " 2704 76 . 3 " " " " " " " " " 
72 9 . 00 50 . 7  6 BCDEFG 2448 5 . 368 3824 96 . 6  1 884 2294 3 5 1  50 . 7  1 73 1 78 256 1 022 1 629 
82 1 2 . 00 " " " " " 5477 1 24 .  1 

D i scount Ra te 2�k 
1 3  1 .  50 1 1 . 0 2 BC 84 1 1 .  3 1 5  -256 s.  1 527 527 40 1 1 1  . 0  357 44 42 1 68 6 1 1 
23 2 . 50 25 . 2 3 BCD 1 393 3 . 1 2 1  28 2 1 . 1  1 29 1  1 29 1  4 1 4  2 5 . 2  3 1 0  1 04 1 33 534 1 08 1  
33  3 . 10  4 1 . 2  4 BCDE 2 1 1 6  4 . 940 294 29 . 6  1 763 1 972 399 4 1 . 2  235 1 64 243 970 1 6 1 2  
43 3 . 50 " " " " " 448 34 . 7 " " " " " " " " " 
53 5 . 00 4 7 . 5  5 BCDEF 2 3 1 5  5 . 259 1 067 53 . 0  1 865 2 2 1 6  355 4 7 . 5  1 86 1 69 242 967 1 563  
63  7 . 00 " " " " " 1 887 76 . 3  " " " " " " " " " 
73 9 . 00 50 . 7  6 BCDEFG 2448 5 . 368 2730 96 . 6  1 884 2294 35 1  50 . 7  1 73 1 78 256 1 022 1 629 
83 1 2 . 00 " " " " " 3985 1 24 . 1 

* COD E :  B C D E F G 
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 
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BAS I N  e ha�ao�!: 
SUB BAS I N  

PROF I T . 
GAS PR I CE PROSP .  

CASE NO. VMCF _x___ 
D i scoun t Rate  l �k 
1 30 1 2 1 1  I .  50 47 . 5 

2 1  2 . 50 " 

3 1  3 . 1 0  50 . 7  
4 1  3 . 50 " 

5 1  5 . 00 " 

6 1  7 . 00 " 

7 1  9 . 00 " 

8 1  1 2 . 00 " 

D i scoun t Rate l�k 
1 2  I .  50 41 . 2 
22 2 . 50 4 7 . 5  
3 2  3 .  1 0  " 

42 3 . 50 50 . 7  
52 5 . 00 " 

62  7 . 00 " 

72 9 . 0D " 

82 1 2 . 00 " 

D i scount  Ra te 2�/o 
1 3  
23 
3 3  
4 3  
5 3  
63  
73  
83 

* C OD E :  

I .  50 4 1 . 2 
2 . 50 47 . 5  
3 . 1 0  " 

3 . 50 " 

5 . 00 50 . 7 
7 . 00 " 

9 . 00 
" 

1 2 . 00 
" 

B C D 
0 . 1 0 . 03 0 . 0 1  

TABLE  1 4- 1 9  

ECONOM I CS SUMMARY 

FORMAT I ON Corcoran Coze tte  

AVERAGE PER PROSPECT BAS IN TOTALS 
K-LEVELS 
ON STREAM 
NO . VALUE * 

5 
" 

6 
" 

" 

" 

" 

" 

4 
5 
" 

6 
" 

" 

" 

" 

4 
5 
" 

" 

6 
" 

" 

" 

BCDEF 
" 

BCDEFG 
" 

" 

" 

" 

" 

BCDE 
BCDEF 
" 

BCDEFG 
" 

" 

" 

" 

BCDE 
BCOEF 
" 

" 

BCDEFG 
" 

" 

" 

E F 

E & p 
I NVEST. 
_ili_ 

1 788 
" 

2057 
" 

" 

" 

" 

" 

1 572 
1 788 

" 

2057 
" 

" 

" 

" 

1 5 72 
1 788 

" 

" 

2057 
" 

" 

" 

0 003 0 . 00 1  
G 
0 . 0003 

GAS 
PROD . 
� 
5 .  781  
" 

6 . 1 65 
" 

" 

" 

" 

" 

5 . 1 50 
5 . 78 1  
" 

6 . 1 6 5  
" 

" 

" 

" 

5 .  1 50 
5 . 78 1  
" 

" 

6 . 1 65 
" 

" 

" 

NET PRE S .  D C F  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV, 
�M :& AT PR I C E,BCF G I P1BCF 

596 2 1 . 9  2 2 1 6  22 1 6  
1 627 42 . 6 " " 

2325 53 . 6 2294 2294 
2763  6 1 . 6  
4409 89 . 5 
6603 1 22 . 2 
8796 1 50 . 9 

1 2087 1 88 . 5 

2 1 8  2 1 . 4  1 972 1 972 
I 009 42 . 6  22 1 6  2 2 1 6  
1 462 54 . 6  " " 

1 824 61 . 6  2294 2294 
3028 89 . 5  
4634 1 22 . 2  
6240 1 50 . 9 
8650 1 88 . 5  

38 2 1 . 4 1 972 1 972 
643 42 . 6 22 1 6  2 2 1 6  
994 54 . 6 

1 229 62 . 3 
2 1 99 89 . 5 2294 2294 
3447 1 22 . 2 
4694 1 50 . 9 
6565 1 88 . 5 

TECHNOLOGY Advanced 

DATE Ma:t 1 980 

WELLS 
MAX NO . W I LDCAT 
PROSP ,  SUCCESS W I LDCAT DEVE LOPMENT 

AT PR I C E  % DRY PROD , QEY. PROD . TOTAL 

383 47 . 5 201  1 82 1 03 4 1 4  901  
" " " " " " " 

372 50 . 7  1 83 1 89 1 2 1  489 984 

383 4 1 . 2  225 1 58 83 332 798 
383 47 . 5 201  1 82 1 03 4 1 4  901 

" " " " " " " 

372 50 . 7  1 83 1 89 1 2 1  489 984 

383 4 1 . 2  225 1 58 83 332 798 
383 47 . 5  201  1 82 1 03 4 1 4  901 

372 50 . 7  1 83 1 89 1 2 1  489 984 
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TOTAL BAS I N  AREA ( SECT I ONS ) :  7 1 00 
TYPE : Lent i cu l a r 

NGL ( BBL/MMC F ) : 20 . 

AVERAGE PRODUCT I V E H/C GAS 
PERM .  AREA POROS I TY 
(MD )  ( S ECT I ONS ) ( % )  

o . 1 29 6 . 1 

0 . 03 1 44 5 . 3 

0 . 0 1  347 4 . 5 

0 . 003 375  4 . 0  

0 . 00 1 260 3 . 6 

0 . 0003 1 73 3 .  1 

0 . 000 1  72 2 . 6 

0 . 00003 43 2 . 1 

1 443 

NET PAY 
TH I CKNESS 

( FT . ) 

20 

40 

64 

90 

1 1 2 

1 30 

1 70 

200 

TABLE 1 4- 20 

GEOLOG I CAL DATA SUMMARY 

BAS I N :  P i cea n ce 
SUBBAS I N :  
FORMAT I ON :  Mesa verde 8000 

EST I MAT ED MAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

2 1 9  1 66 

1 889 1 380 

6 1 87 4 5 1 1  

83 55  5720 

6490 4 1 65 

43 1 6  2565  

1 970 1 0 79 

1 1 1 8 569 

30544 20 1 55 

DEPTH ( FT . ) :  8000 
PRESSURE ( P S I A ) : 3400 
TEMPERATURE ( ° F ) : 1 70 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT t VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 1 0  1 . 0  

0 . 30 1 .  0 

0 . 50 1 . 0 

0 . 70 1 . o 

0 . 75  1 . o 

0 . 80 1 .  0 

0 . 85 1 .  0 

0 . 90 1 . 0 



TABL E  1 4-2 1  

W E L L  P R OD U C T I ON S U " " A R Y- - B A S E  C A S E  

P I C E A N C E ,  " E S A  V E R D E  8 0 0 0  

G A S  P R O D U C T I O N  C M H C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . o oo o 1  ' "D )  
Y E A R  

1 5 7 3  7 3 5  5 1 5  3 5 9  2 4 2  1 3 3  9 4  5 3  

1-' 2 2 1 4 3 2 4  2 6 6 1 8 6  1 2 6  7 1 5 0  2 8  
� 
I 

w 
I\.) 

5 5 2  1 1 9 1 3 3  1 0 5  7 2  4 0  2 9  1 6  

1 0  1 1  4 5  7 3  7 1  4 8  2 7  1 9  1 1  

1 5  4 2 1  4 8  5 0  4 0  2 2  1 5 1 0  

2 0  1 1 2  3 5 4 4  3 4  1 9  1 4  7 

3 0  0 4 1 9  2 9  2 7  1 5  1 0  6 

3 0 - Y E A R  
C U M M . 
P R O D . 1 2 0 0  2 1 8 0 2 5 1 0  2 2 0 0 1 6 0 0  8 9 9  6 4 0  3 5 9 

( M M C F ) 



TABLE  1 4- 2 2  
� E L L  P R OD UC T I ON S U M M A R Y- - A D V A N C E D  C A S E  

P I C E A N C E •  M E S A  V E R D E  8 0 0 0  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E l l ) 

K • 0 . 3  o . 1  0 . 0 3  0 . 0 1  
Y E A R  

0 . 0 0 3  0 . 0 0 1  o . o o o 3  o . o o o 1  o . o o o o 3  o . o o o o 1  C MD )  

1 6 9 3  8 3 2  6 2 2  4 5 4  3 7 5  2 1 5  1 5 3 8 4  

I-' 2 2 5 9 4 0 7  3 2 1  2 2 3  1 6 6 9 3  6 6  3 7  
,j:::. 

I 
w 

w 5 6 2  1 8 0 1 6 1 1 2 1  9 2  5 3  3 8  2 1  

1 0  1 4  7 9  8 8  7 1  5 5  3 4  2 5  1 4  

1 5  4 4 4  5 9  4 9  4 2  2 3  2 0  1 2  

2 0  2 2 7  4 2  4 0  3 1  2 0  1 7  1 0  

3 0  0 1 2  2 4  2 5  2 1  1 3  1 3  8 

3 0- Y E A R 
C U M M . 
P R O D . 1 4 6 0 3 0 9 9  3 0 4 0  2 3 70 1 8 8 0 1 1 1 9 8 5 9  4 90 

( I'I M C F ) 
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TAB LE 1 4-23 

PRODUCT I ON WEL�U I REMENTS 

BAS I N :  P i cean ce 
SUB-BAS I N : -
FORMAT I ON :  Mesa V erde 8000 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBE R  OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TU PRODUCE ACTUAL LY USED ACTUAL WEL LS REQD . TO PRODUCE ACTUALLY USED 
< MD )  ALL GAS [ MAX=4 1 < BCF ) ALL GAS [ MAX= I 2 1  

• 1 4 . 87  4 1 38 

. 03 4 . 38 4 1 256 

. o 1 5 . 1 7  4 3473 

.003 6 . 9 1 4 33 1 8  

.00 1 1 0 . 0 1  * 4 1 666 

. 0003 1 6 . 39 4 6 1 6  

.000 1 23 . 33 4 1 83 

. 00003 36 . 1 4  4 63 

1 07 1 3  

* E xamp l e  ca l cu l at i on f or 0 . 00 1 md p e rmea b i  I i ty 
Max recoverab l e  gas i n  p l ace = 4 1 6 5  BCF ( Ta b l e  1 4-20 ) 
Number of sect i ons w i th pe rmea b i  I i ty of 0 . 00 1 md = 260 ( Tab l e  1 4-20 ) 
BCF/Sect i on = 4 1 65/260 = 1 6 .02 
Gas prod u ct i on = 1 6 00 MMCF/y ear/w e l I ( Ta b l e  1 4- 2 1 ) 

4 .  

3 . 08 

4 . 27  

6 .4 1  

8 .4 5  

1 3 .  1 9  

1 7  . 36 

26 . 5 5  

Number of  we i I s/sect i on t o  prod u ce a l I gas = 1 6 . 02 x 1 000 = 1 0 .0 1  we i I s/sect i on 
1 600 

Actua l we i I s  u sed = 4 
Recoverab l e  gas from actua l w e l l s  = 4 x 1 600 x 260/ 1 000 = 1 666 BCF 

4 

3 

4 

6 

8 

1 2  

1 2  

1 2  

RECOV ERABLE 
GAS FROM 

ACTUAL WELLS  
( BCF ) 

1 6 6  

1 339 

4£40 

5377 

39 57 

2334 

74 5 

257 

1 84 1 5  
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TABLE 1 4 - 24 

I N V E STMENT AND OPERAT I NG E XP E N S E S  

BAS I N : P i cea nce 
SUB-BAS I N : 
FORMAT I ON :  Mesa V er d e  8000 

Geo l ogy a n d Geop h y s i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $ /We i I )  

B a s e  Case [ 1 0 00 Ft . Fract u r e ) 
A d v a n ced C a s e  [ 2000/4000 Ft . Fract u r e ) 

S ur f ace Eq u i pment ( $ /We l l )  

A n n u a l Operat i ng E x p en s e  ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of  Cost to 

W . I .  Ga s Reve n u e  

2 0 , 000 

58 8 , 000 

1 6 3 , 000 - 92 1 , 00 0  
3 2 3 , 000 - 1 , 6 9 2 , 00 0  

4 5 , 000 

1 0 , 000 

. 03 1 1 



TABLE  1 4-25  
ECONOM I CS SUMMARY 

BAS I N  P i ceance TECHNOLOGY Base ---
SUB BAS I N  FORKA.T I ON 11esa Verde 8000 '  DATE Hay 1 980 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
PROF I T . K-LEVELS E & P ':AS NET PRE S .  D C F  RATE KA.X NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST: PROD .  VALUE OF RETURN GAS RECOVER . KA.X RECOV . PROS P .  SUCCESS W I LDCAT D E V E LO P::� :IT 
CASE NO. S/HCF ___L_ NO.  VALUE * _w__ ..1Q_ �M % AT PR I C E,fCF G I P  BCF  AT  PR I C E  '% Q!!Y. PROD . DRY P�OD . lQB.!:. 
D i scou n t  Rate f .O;{, 
1 303 1 1 1  1 .  so 1 6 . 2  2 CD  4703 7 . 635 -8 1  9 . 2 0 1 6 . 2  

2 1  2 . 50 32 . 4  3 COE 7308 1 3 . 1 2 7  2356 25 . 2  8047 1 1 6 1 1  6 1 3  32 . 4 4 1 4  1 99 759 3D35 4407 
3 1  3 .  1 0  " " " " " 37 1 8 33 . 5  " " " " " " " " " 
4 1  3 . 50 46 . 5  5 BCDEF 1 1 42 9  1 8 . 636 5553 37 .  1 985 1 1 5942 528 46 . 5  283 246 1 034 4 1 36 5699 
5 1  5 . 00 

" " " " " 9999 57 . 2 " " " " " " " " " 
6 1  7 . 00 56 . 6  6 BCDEFG 1 3 1 70 1 9 . 886 1 6445 78 . 6 10467 1 8507 526 56 . 6  228 298 1 1 75 4699 6400 
7 1  9 . 00 56 . 6  6 " " " 22723 1 00 .  1 " " " " " " " " " 
8 1  1 2 . 00 6 1 . 7  7 BCDEFGH 1 4 1 67 20 . 320 32469 1 26 . 8  1 0650 19586 524 6 1 . 7  20 1 323 1 2 37 4948 6709 

D i scount  Rate  12[o 
1 2  1 .  50 1 6 . 2  2 CD  4703 7 . 635 -464 9 . 2  0 

...... 22 2 .  so 32 . 4  3 CDE 7308 1 3 .  1 27  1 1 60 25 . 2  8047 1 1 6 1 1 6 1 3  32 . 4  4 1 4  1 99 759 3035 4 407 
""" 3 2  3 .  1 0  32 . 4  3 CDE 7308 " 2 1 49 33 . 5  " " " " " " " " 
I 42 3 . 50 " " " " " 2808 38 . 7 

w 52  5 . 00 46 . 5  5 BCOEF 1 1 429 1 8 . 636 6402 57 . 2 985 1 1 5942 528 46 . 5  283 246 1 034 4 1 36 5699 
0"\ 62 7 . 00 " " " " " 1 0632 80 . 8  " " " " " " " " " 

72 9 . 00 56 . 6  6 BCDEFG 1 3 1 70 1 9 . 886 1 5374 1 00 .  1 1 0467 1 8507 526 56 . 6  228 298 1 1 75 4699 6400 
82 1 2 . 00 " " " " " 22090 1 2 8 . 4 

D i scou n t  Ra te 20% 
1 3  1 .  s o  2 . 5  1 c 2336  1 . 48 1  - 9 1 6  0 0 
23 2 . 50 1 6 . 2  2 c o  4703 7 . 635 1 2 4  2 1 . 7  4729 589 1 6 1 9  1 6 . 2  5 1 9  100 446 1 785 2850 
3 3  3 . 1 0  32 . 4  3 CDE 7308 1 3 .  1 2 7 1222 33 . 5  8047 1 1 6 1 1 6 1 3  32 . 4  4 1 4  1 99 759 3035 4407 
43 3 . 50 32 . 4  " " " " 1 729 38 . 7  " " " " " " " " " 
5 J s . oo 46 . 5  5 BCDEF 1 1 429 1 8 . 636 4322 57 . 2  985 1 1 5942 528 46 . 5  283 246 1 034 4 1 36 5699 
63 7 . 00 " " " " " 7542 80 . 8  
73 9 . 00 " " " " " 1 0762 1 0 1 . 5  
83 1 2 . 00 56 . 6  6 BCDEFG 1 3 1 70 1 9 . 886 1 6 1 96 1 28 . 4 1 0647 1 8507 526 5 6 . 6 228 298 1 1 75 4699 6400 

·• CODE : B C 0 E F G H I  
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 



TABLE  1 4-26 
ECONOM I CS SUMMARY 

BAS I N  Pjs;�Qn'� TECHNOLOGY Advanced 

SUB BAS I N  FORMAT I ON Mesa Ve rde 8000 ' DATE Ma;t 1 980 

AVERAGE PER PROS PECT BAS I N  TOTA LS WELLS 
PROF I T . K -LEVELS E & p GAS NET PRES . OCF RATE MAX NO . W :  LDCAT 

GAS PR I C E PROS P .  O N  STREAM I NVEST . PROD . VALUE OF R ETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I  LUCAT DEVELOPMENT 
CASE NO . S/MCF � NO . VALUE * _w__ ....!!fE_ �M % AT PR I CE,8CF  G I P  BCF  AT  PR I CE % DRY PROD , QKL � I.Qill. 
D i scoun t Ra te 1 0% 
1 3032 1 1  1 .  so 1 6 . 2  2 co 5670 - - 1 60 8. 7 9 - 0 1 6 . 2  

2 1  2 . 50 32 . 4  3 C DE 1 1 4 1  I 1 7 . 247 2 9 1 6  23 . 8  1 D956 1 1 6 1 1 6 1 8  32 . 4  4 1 8  200 928 37 1 3  5259 
3 1  3 . 1 0  I I  I I  I I  I I  I I  4806 37 . 6  
4 1  3 . 50 I I  I I  I I  I I  I I  6066 38. 3 
5 1  s . oo 46 . 5  5 BCDEF 2 4 1 95 28 . 796 1 5403 58 . 0  1 5079 1 5942 524 46 . 5  280 243 1 568 6273 8366 
6 1  7 . 00 I I  I I  I I  I I  I I  253 1 6  87 . 4  I I  I I  I I  I I  I I  I I  I I  I I  I I  

7 1  9 . 00 56 . 6  6 BCOEFG 33478 3 3 . 268 38309 1 05 . 4  1 74 1 3  18507 523 56 . 6  227 296 2053 82 1 3  1 0789 
8 1  1 2 . 00 6 1 . 7  7 BCDEFGH 385 1 5  35 . 042 566 1 0  1 36 . 9  1 8 1 58 1 9586 5 1 8  6 1 . 7  1 98 320 2257 9029 1 1 804 

D i scou � t  Rate 1 �/, 
1 2  1 .  50 2 . 5  1 c 2689 - 1 077 0 0 - 2 . 5  

1--' 22 2 . 50 1 6 . 2 2 CD 5670 8 . 956 609 20 . 8 5579 589 1 623 1 6 . 2  522 1 0 1  424 1 696 2743 
� 3 2  3 . 1 0  32 . 4  3 CDE 1 1 4 1 1 1 7 . 24 1  2727 32 . 6  1 0956 1 16 1 1  6 1 8  32 . 4  4 1 8  200 928 3 7 1 3  5259 
I 42 3 . 50 I I  I I  I I  I I  I I  3643 38 . 3 I I  I I  I I  I I  I I  I I  I I  I I  I I  

w 5 2  5 . 00 46 . 5  5 BCDEF 2 4 1 95 28 . 796 9764 58 . 0  1 5079 1 5942 524 46 . 5  280 243 1 568 6273 8366 -....] 62  7 . 00 I I  I I  I I  I I  I I  1 6853 87 . 4  I I  I I  I I  I I  I I  I I  I I  I I  I I  

7 2  9 . 00 56 . 6  6 BCDEFG 33478 3 3 . 268 25700 1 05 . 4  1 74 1 3  1 8507 523 56 . 6  227 296 2053 82 1 3  1 0789 
82 1 2 . 00 I I  I I  I I  I I  I I  37940 1 4 3  .. 7 

D i scount  Ra te 2if/, 
1 3  I . 50 2 . 5  1 c 2689 - - 1 1 43  0 
23 2 . 50 1 6 . 2  2 CD 5670 8 . 956 67 20 . 8 5579 589 1 623 1 6 . 2  522 1 0 1  424 1 696 2743 
33 3 . 1 0  I I  I I  I I  I I  I I  632 27 . 3 I I  I I  I I  I I  I I  I I  I I  I I  I I  

43 3 . 50 32 . 4  3 CDE 1 1 4 1 1  1 7 . 247 22 1 3  38. 3 1 0956 1 1 6 1 1  6 1 8  32 . 4  4 1 8  200 928 3 7 1 3  5259 
53 s . oo I I  I I  I I  I I  I I  4857 58 . 4 I I  I I  I I  I I  I I  I I  I I  I I  I I  

6 3  7 . 00 46 . 5  5 BCDEF 24 195 28 . 796 1 1 904 87 . 4 1 5079 1 5942 524 46 . 5  280 243 1 568 6273 8366 
73 9 .  00 I I  I I  I I  I I  I I  1 7292 1 1 3 . 6  I I  I I  I I  I I  I I  I I  I I  I I  I I  

83 1 2 . 00 56 . 6 6 BCDEFG 33478 3 3 . 268 2765 1 1 43 . 7 1 74 1 3  1 8507 523 56 . 6  227 296 2053 82 1 3  1 0789 

* CODE · B C D E F G H I  
0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 
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TOTAL BAS I N  AREA ( SECT I ONS ) :  7 1 00 
TYPE : B l a n ket + Lent i c u l a r 

NGL ( BBL/MMCF ) :  20 .  

AVERAGE PRODUCT I VE H/C GAS 
PERM . AREA POROS I TY 
(MD ) (SECT I ONS ) ( % ) 

o .  1 4 * 

0 . 03 1 8  

0 . 0 1  43 

0 . 003 4 7  

0 . 00 1 32 

0 . 0003 22 

0 . 000 1 9 

0 . 00003 5 

1 80 

NET PAY 
TH I CKNESS 

( FT .  ) 

* 

TABLE i 4-27  

GEOLOG I CAL DATA SUMMARY 

BAS I N : P i ceance 
SUBBAS I N : 
FORMAT I ON :  Corcoran-Cozette + 

Mesa verde 

EST I MATED IVlAX . 
GAS I N  P LACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

5 5 . 4 1 42 

376 . 4 3  27 5 

1 1 0 1  . 34 803 

1 4 1 6 . 84 970 

1 084 . 52 696 

737 . 20 438 

335 . 94 1 84 

1 98 . 4 5  1 0 1  

5306 . 3 509 

* Refe r  to i nd i v i  d ua I format i ons for t 11ese data . 

DEPTH ( FT . ) :  * 

PRESSURE (P S I A ) : * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PROlJUCT I V E  1 st W/C 2 n d  W/C 

* * * 



TABL E  1 4-28 
W E L L  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

P I C E A NC E �  M E S A  V E R D E  + C O R C O R A N- C O Z E T T E  

G A S  P R O D U C T I O N  C M H C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1  0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C MO )  
Y E A R  

1 1 1 2  9 3 4  7 1 4  5 5 8  4 4 1  3 3 2  2 9 3  2 5 2 

....... 2 3 3 5  4 4 4  3 8 6  3 0 7  2 4 7  1 9 1  1 7 0 1 4 9  
� 
I 

w 
\0 

5 1 3 2  1 9 9  2 1 3 1 8 5  1 5 2  1 2 1  1 1 0  9 7  

1 0  7 3  1 0 6  1 3 5 1 3 2  1 1 0 8 8  8 1  7 3  

1 5  5 6  7 2  1 0 1  1 0 3  9 3  7 5  6 8  6 3  

2 0  4 8  5 8  8 2  9 0  8 1  6 6  6 1  5 4  

3 0  3 9  4 4  5 9  6 9  6 6  5 4  4 9  4 5  

3 0 - Y E A R 
C U M H . 
P R �D 

C M M F l  3 0 7 9  4 0 3 0 4 3 8 9 4 0 6 9 3 4 8 0  2 7 6 9  2 5 1 9 2 2.30 



TABL E  1 4-29 

W E L L  P R O D U C T I ON S U M M A R Y - - A D V A N C E D  C A S E  

P I C E A N C E ,  M E S A  V E R D E  + C O R C O R A N - C O l E T T E  

G A S  P R O D UC T I O �  C M M C F / Y E A R / W E L L ) 

K • 0 . 3 0 . 1 0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3 0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 1 2 0 8 1 3 4 7  1 1 3 7 9 6 8  8 9 0  7 3 0  6 6 8  5 99 

f-' 2 5 8 9  7 3 7  6 5 1 5 5 3  4 9 6  4 2 3  3 9 6  3 6 7  � 
I 

� 
0 

5 2 7 8 3 9 5  3 76 3 3 6 3 0 7  2 6 8  2 5 3  2 3 7  

1 0 1 7 2 2 3 8 2 4 7  2 3 0  2 1 4 1 9 3  1 8 4  1 7 3  

1 5  1 3 7 1 7 6 1 9 1  1 8 2  1 7 5  1 5 6  1 5 3  1 4 4  

2 0  1 1 8 1 4 3  1 5 9  1 5 6 1 4 7  1 3 6  1 3 3  1 2 6  

3 0  9 4  1 0 6  1 1 8  1 1 9  1 1 5  1 0 6 1 0 7  1 0 2 

3 0 - Y E A R 
C U M M . 
P R O D . 6 2 5 9  7 9 0 0 7 8 4 0  7 1 8 0  6 6 8 0  5 9 1 9 5 6 6 9 5 2 8 9  

C M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACT UALLY USED 

I-' ( MD )  ALL GAS I MAX=4 1 
,j::. 
I 

,j::. 
I-' 

• 1 3 . 8 3 . 8  

. 03 3 . 8  3 . 8  

. o  1 4 . 2  4 .  

. 003 5 .  1 4 .  

. 00 1 6 . 2  4 .  

. 0003 7 . 3  4 .  

. 000 1 8 .  1 4 .  

. 00003 8 . 4  4 .  

TABLE 1 4-30  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : P i ceance 
SUB-BAS I N : -
FORMAT I ON :  Corcoran-Cozette + Mesa V erde 

ADVANCED 
RECOVERABLE NUMBER OF NUMBER OF 

GAS FROM WELLS/SECT I ON WEL LS/SECT I ON 
ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 

< BCF ) ALL GAS I MAX= 1 2 1  

42  1 .  86 1 . 86 

275  1 . 93 1 . 93 

758 2 . 3 7  2 . 3 7  

762 2 . 89 2 . 89 

4 5 1  3 . 2 1  3 . 2 1  

239 3 . 43 3 . 43 

9 1  3 . 6 1  3 . 6 1  

48 3 . 53 3 . 53 

2665 

CASE 
RECOVERABLE 

GAS FROM 
ACTUAL WEL LS 

( BC F )  

42 

2 7 5  

803 

970  

696 

438 

1 84 

1 0 1  

3509 
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TA8LE 1 4- 3 1  

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N :  P i cean ce 
SUB-BAS I N : 
FORMAT I ON :  Corcoran Cozette + Mesa Verde 

Geo l og y  and Geop hys i cs ( $/Pros pect ) 20 , 000 

D r i I l i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fracture ) 
Ad va nced Case 1 2000/4000 Ft . Fracture ) 

S ur f ace Eq u i pment ( $/We l l )  

An n u a l O perat i ng E x pense ( $/We i I )  

Compressor Fue l Cost , Rat i o  of  Cost to 

W . l .  Gas Revenu e  

588 , 000 

259 , 000 - 1 , 0 1 6 , 600 
625 , 800 - 1 , 994 , 000 

4 5 , 000 

1 0 , 000  

. 03 1 1 



f.AS I �  P i ceance 

SUB BAS I tl 

PROF I T . K-LEVELS 
Gf· S PR I C E  PROS P . ON STREAM 

C�SE NO. S/HCF ____%__ NO . VALUE * 

� i scoun t R a t e  1 0 � 
1 304 1  I I  I .  50 32 . 4  3 CDE 

2 1  2 . 50 56 . 6 6 BCDEFG 
3 1  3 . 1 0  " " " 
41 3 . 50 6 1 . 7  7 BCDEFGH 
5 1  5 . 00 64 . 4 8 BCDEFGH I 
6 1  7 . 00 " " " 
7 1  9 . 00 " " " 

1-' 8 1  1 2 . 00 " " " 
""' 
I D i scount  Rate 1 �1, ""' 1 2  I .  5 0  1 6 . 2  2 CD 

w 
22 2 . 50 46 . 5 5 BCDEF 
32 3 . I 0 56 . 6  6 BCDEFG 
42 3 . 50 " " " 
52 5 . 00 64 . 4 8 BCDEFG H I  
6 2  7 . 00 " " " 

72 9 . 00 
" " " 

82 1 2 . 00 
" " " 

D i scou n t  Rate 20% 
1 3  I .  50  1 6 . 2  2 CD 
23 2 . 50 32 . 4 3 CDE 
33  3 . 1 0  46 . 5 5 BCDEF 
43 3 . 50 " " " 

53 5 . 00 6 1 . 7  7 BCDEFGH 

63 7 . 00 64. 4 8 BCDEFGH I 

73 9 . 00 
" " " 

83 1 2 . 00 
" " " 

* CODE:  B C D E F 
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  

TABLE  1 4-32 

ECONOM I CS SUMMARY 

FORMAT I ON Corcoran Cozet te+Hesa Verde 

AVERAGE PER PROS PECT BAS I N  TOTALS 
E & p GAS 
I NVEST.  PROD . 

_w__ � 

2 4 1 0  5 . 676 
4254 I I .  609 

" " 
4 3 1 8  I I . 88 1  
4325  I I .  970 

" " 
" " 
" " 

2039 3. 49 1 
3828 1 0 . 34 1  
4254 I I . 609 

" " 
4325  I I .  970 

" " 
" " 
" " 

2039 3 . 49 1  
2 4 1 0  5 . 676 
3 828 1 0 . 34 1  

" " 
4 3 1 8  I I . 881  
4325  I I . 970 

" " 
" " 

G H 
0 . 0003 0 . 000 1 

N ET PRES. 
VALUE 
�M 

1 00 
2 1 2 7  
3 1 45 
3925 
6587 

1 0084 
1 3580 
1 8826 

- 3 9 1  
1 020  
1 894 
2388 
4400 
6950 
9500 

1 3 326 

-503 
1 92 

1 0 4 1  
1 388 
3 1 00 
5 1 26 
7 1 1 7  

1 0 1 0 3  

I 
0 . 00003 

DCF  RATE 
OF RETURN GAS RECOVER . MAX RECOV. 

% AT PR I C E,@C F G I P  BCF 

1 1 . 3 1 795 2048 
30 . 5 2526 3224 
40 . 7 " " 
48 . 2 2 6 1 7  3408 
73 . 7  2665 3509 

1 0 4 . 2 
1 3 1 . 6 
1 67 . 9 

6 . 7 
29 . 6 2288 2786 
40 . 7 2526 3224 
47 . 5 " " 
73 . 7  2665 3509 

1 04 . 2 " " 
1 3 1 . 6  
1 6 7 . 9  

6 . 7  
24 . 5 1 795 2048 
39 . 3  2288 2786 
45 . 6  " " 
73 . I 2 6 1 7  3408 

1 04 . 2 2665 3509 
1 3  I .  6 " " 
1 67 . 6 

TECHNOLOGY Base 

DATE Hay 1 980 

II ELLS 
MAX NO .  Il l  LDCAT 
PROSP . SUCCESS  W I LDCAT DEVELO?��ENT 

AT PR I CE '% DRY �· DRY P?.CD . I..QI8:. 

3 1 6  32 . 4  2 1 4  102  64 256 635 
2 1 8  56 . 6  95 1 2 3  107  429 754 

" " " " " " " 
220 6 1 . 7  84 1 36 1 1 0 440 770 
223 64 . 4  79 1 44 1 1 2 446 781 

- 1 6 . 2  
22 1 46 . 5  1 1 8 1 0 3  9 5  380 696 
2 1 8  56 . 6  95 1 2 3  1 07 429 754 

" " " " " " " 
223 64 . 4  79 1 44 1 1 2 446 781 

" " " 

1 6 . 2  
3 1 6  32 . 4  2 1 4  1 02 64 256 635 
22 1 46 . 5  1 1 8 1 0 3  9 5  380 696 

" " " " " " " 
220 6 1 . 7  84 1 36 l i D 440 770 
223 64 . 4 79 1 44 1 1 2 446 78 1 

" " " 



1-' 
,j::. 
I 

,j::. 
,j::. 

2AS I N  P i ceance 

sua eAS I N  

GAS PR I C E  
C A S E  NO . S /�\C F 

O i s coun l Ra l �  1 0 � 
1 30421 1  I . 50 

2 1  2 . 50 
3 I 3 . 1 0  
4 1  3 . 50 
5 1  s . oo  
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

D i scoun t Ra t e  1 5·�. 
1 2  I . 50 
22 2 . 50 
3 2  3 . I 0 
'• 2 3 . 50 
5 2  5 . 00 
6 2  7 . 00 
72 9 . 00 
8 2  1 � . 00 

D i scou n t  Ra t e  2 0''1, 
I 3 
2 3  
3 3  !I J  
53  
6 3  
7 3  
8 3  

1.- C OD E : 

I . 50 
2 . 50 
3 . I 0 
3 . 50  5 . 00  
7 . 00 
9 . 00 

1 2 . 00 

B 
0 .  I 

PROF I T . 
PROS P .  

__ % __ 

4 6 . 5 
64 . 4 " 

" " 
" " 
" 

32 . 4 
56 . 6  
64 . 4 " 

" 
" 
" " 

1 6 . 2 
46 . 5 
56 . 6  
6 1 . 7  
64 . 4  " " 

" 

c 
0 03  

D 
0 . 0 1  

K - L E V E L S  
ON ST REAM 
NO . VA L U E * 

5 
8 " 
" " " " 
" 

3 
6 
8 " 
" " 
" 
" 

2 
5 
6 
7 
8 " " 
" 

BCDEF 
BCDEFGH I " 
" " " " 
" 

C DE 
BCDEFG 
BCDE FGH I " 
" " 
" " 

CD 
BCDEF 
BCDEFG 
BCDEFGH 
B CDEFGH I " " 
" 

E 
0 . 003 

F 
0 . 00 1 

TAB L E  1 4-33  

ECONOM I C S  SUMMARY 

FORMAT I ON CQCi;;QCaO CQ�ctte+Mesa 'lee de 
AVERAGE P E R  PROS P E CT BAS I N  TOTALS 

E & p 
I NV E S T . 

� 
4958 
5949 " 

" " 
I I  " 
" 

2972 
5625 
5949 " 

" " 
" " 

2 556 
4958 
5625 
5853 
5949 " " 

" 

G 
0 . 0003 

GAS 
PROD . 

....!!ff_ 
1 2 . 596 
1 5 . 372 " 
" " " " 
" 

6 . 529 
1 4 . 449 
1 5 . 372 " " 
" 
" " 

3 . 805 
1 2 . 596 
1 4 . 449 
1 5 . 09 1  
1 5 . 372 " " 
" 

H 
0 . 000 1 

NET P R E S . 
VALUE �M 

898 
4000 
5662 
6770 

1 0926 
1 6467 
2 2008 
30320 

- 2 1 0  
2232 
3666 
4489 
7575 

1 1 689 
1 5804 
2 1 975 

- 7 1 5  
1 095 
2269 
3048 
5555 
8794 

1 2032 
1 6890 

I 
0 . 00003 

D C F  RATE 
OF R ETURN GAS RECOVER . MAX R E C OV . 

% AT PR I C E  8 C F  G I P  B C F  

1 7 . I 2 786 2786 
39 . 6 3509 3509 
52 . 6  
6 1 . 3  
92 . 6  

1 30 . 9 
1 65 . 3  
2 1 1 . 1 

1 1 . 8  -
38 . 4 3224 3224 
5 2 . 6  3509 3509 
6 1 . 3  " " 
92 . 6  

1 30 . 9  
1 65 . 3  
2 1 1 . I 

5 . 6 -
3 5 . 7  2 786 2 786 
50 . 8  3224 3224 
60 . 6  3408 3408 
92 . 6  3509 3509 

1 30 . 9 
1 65 . 3  
2 1 1 .  I 

T E C IINOLOGY 8dl£ao�;cd 
DATE Ma:t: 1980 

II E L L S  
MAX N O . Il l  LOCAT 
PROS P .  SUC C E S S  Il l LDCAT DEVE LOP�IENT 

AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

22 1 46 . 5  1 1 8  1 03 7 1  284 576 
228 64 . 4 8 1  1 47 92 368 687 

- 32 . 4  
2 2 3  56 . 6  97 1 26 85 338 645 
228 64 . 4  8 1  1 4 7  92 368 687 

- 1 6 . 2  
22 1 46 . 5  1 1 8 1 03 7 1  284 576 
2 2 3  56 . 6  97 1 2 6  8 5  3 3 8  645 
226 6 1 . 7  87 1 39 89 358 673 
228 6 4 . 4 8 1  1 47 92 368 687 
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TOTAL BAS I N  AREA ( S ECT I ONS ) : 7 1 00 
TYPE : Lent i c u l a r 

NGL ( BBL/MMCF ) :  20 . 

AVERAGE PRODUCT I VE H/C GAS 
PERM . AREA POROS I TY 
( MD )  < S ECT I ONS ) < % ) 

0 .  1 2 * 

0 . 03 1 0  

0 . 0 1 24 

0 . 003 27 

0 . 00 1 1 8  

0 . 0003 1 2  

0 . 000 1 5 

0 . 00003 3 

1 0 1  

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE 1 4 - 34 

GEO LOG I CAL DATA SUMMARY 

BAS I N : P i cea n ce 
SUBBAS I N :  
FORMAT I ON :  Fort U n i on + Mesaverde 

DEPTH ( FT .  ) : 
* 

PRESSURE (P S I A ) : * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  P LACE AT RECOV ERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROU 

C BCF ) ( BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

3 1 . 66 24 * * * 

2 1 7 . 6 5  1 59 

639 . 1 4  466 

82 5 . 28 565 

63 1 . 08 405  

429 . 08 255  

1 9 5 . 36 1 07 

1 1 5 . 93 59 

308 5 .  2040 

* Refer  to i nd i v i d ua l f ormat i ons  for these data . 



TABL E  1 4-35  

WE L L  P R O D U C T I ON S U M M A R Y--B A S E  C A S E 

P I C E A NC E ,  F O RT U N I O N + M E S A  V E R D E  

G A S P RO D U C T I O N  C M MC F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . oo o o 1  C MD )  
Y E A R 

1 7 0 8  8 7 0 6 5 0  4 9 4  3 7 7 2 6 7  2 2 8  1 8 8 

1-' 2 2 8 4  3 9 4  3 3 5  2 5 6 1 96 1 4 0  1 1 9  9 8  
.J::> 

I 
.J::> 
"' 

5 9 0  1 5 7  1 7 1  1 4 3  1 1 0 79 6 8  5 5  

1 0  3 6  6 9  9 8  9 5  7 3  5 1  4 4  3 6  

1 5  2 3  3 9 6 8  6 9  5 9  4 1  3 5  2 9  

2 0  1 6  2 7  5 0  5 9  4 9  3 4  2 9  2 2  

3 0  1 1  1 5  3 0  4 0  3 7  2 6  2 1  1 6  

3 0- Y E A R  
C U M M . 
P R OD . 2 0 0 0  

( M M C F ) 
2 9 5 9  3 3 1 0 3 0 0 0  2 4 0 0 1 6 8 9  1 4 3 9  1 1 59 



TAB L E  1 4-36  

W E L L  P R O D U C T I ON S U M M A R Y-- A D V A N C E D  C A S E  

P I C E A N C E ,  F O R T  U N I ON + M E S A  V E R D E  

G A S  P R O D U C T I O N  ( H H C F / Y E A R / W E L L ) 

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 00 0 1  C H D )  
Y E A R  

1 8 6 4 1 0 0 3  7 9 4  6 2 5  5 4 6 3 8 6  3 2 4  2 5 5  

I-' 2 3 4 4  4 9 2  4 0 6  3 0 7  2 5 1 1 7 8 1 5 1  1 2 2  """ 
I 

""" 
....:1 

5 1 1 0  2 2 7  2 0 8 1 6 8 1 3 9  1 0 0  8 5  6 8  

1 0  4 3 1 0 9 1 1 8 1 0 1 8 5  6 4  5 5  4 4  

1 5  2 7  6 7  8 1  7 2  6 5  4 6  4 3  3 4  

2 0  1 9 4 4  6 0  5 7  4 8  3 7  3 4  2 7  

3 0  1 2  2 4  3 5  3 6  3 3  2 5  2 4  2 0  

3 0 - Y E A R 
C U M M . 
P R O D . 2 4 2 0 4 0 6 0 4 0 0 0  3 3 2 9  2 8 4 0  2 0 6 9  1 8 2 0  1 4 5 0  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WEL LS/SECT I ON WELLS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 
( MD ) ALL GAS I MAX=4 1 

f-' • 1 5 . 93 4 
ol:>o 

I 
ol:>o . 03 5 . 32 4 
CXl 

. 0 1 5 . 8 1 4 

. 003 7 .  1 8  4 

. 00 1  9 . 27 4 

. 0003 1 2 . 42 4 

. 000 1 1 4 . 68 4 

. 00003 1 6 . 85 4 

TABLE 1 4-37  

PRODUCT I ON WEL L  REQU I REMENTS 

BAS I N : P i ceance 
SUB-BAS I N :  
FORMAT I ON :  Fort Un i on + Mesa V erde 

RECOVERABLE NUMBER OF 
ADVANCED 

NUMBER OF 
GAS FROM WELLS/SECT I ON WEL LS/SECT I ON 

CASE 

ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED 
C BCF ) ALL GAS I MAX= I 2 1  

1 6  2 . 42 2 . 42 

1 20 3 . 88 3 . 88 

32 1 4 . 8 1  4 . 8 1  

3 1 5  6 . 46 6 . 46 

1 7 5  7 . 85  7 . 85 

82 1 0 . 1 4  1 0 . 1 4  

29 1 1 . 64 1 1 . 64 

1 4  1 3 . 4 5  1 2 .  

1 072 

RECOVERABLE 
GAS FROM 

ACTUAL WELLS 
C BC F )  

24 

1 59 

466 

565  

405 

255  

1 0 7 

53 

2034 
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TABLE 1 4- 38 

I NV E STMENT AND OPERAT I NG E XP E N S E S  

BAS I N : P i ceance 
SUB-BAS I N : 
FORMAT I ON :  Fort Un i on + Mesa Verde 

Geo l og y  a n d  Geop h y s i cs { $ /Pros pect ) 2 0 , 000 

D r  i I I i ng Cost { $/We I I ) 

F r a cture Cost { $ /We i I )  

B a se Ca s e  [ 1 000 Ft . F r a ct u r e ] 
Ad van c ed Ca se [ 2000/4000 Ft . Fract u r e ]  

S u r f ace E q u i pme n t  { $/We I I )  

An n ua l Operat i ng E x p e n s e  { $/We i I )  

Compres sor F u e l Cos t , Rat i o  o f  Cost to 

W . l .  Ga s Rev e n u e  

588 , 00 0  

330 , 00 0 - 1 , 08 8 , 000 
5 6 1 , 000 - 1 , 929 , 000 

4 5 , 000 

1 0 , 000 

. 03 1 1 



TAB LE  1 4-39  

ECONOM I CS SUHHARY 
BAS I N  P i cean ce TECHNOLOGY Base 

SUB BAS I N  FORMAT I ON Ft . Un i on + Mesa Verde DATE May 1 980 

AVERAGE PER PROS PECT BAS 1 N TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRE S .  DCF  RATE MAX N O .  W I LDCAT 

GAS PR I C E PROS P . ON S T R EAM I NVEST . PP.OD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS WI  LOCAT D E V E L O P��ENT 
CAS E N O . S/MCF __ %_o _ NO . VA LUE * ....w._ � �M % AT PR I CE IICF  G I P  BCF  AT  PR I CE % DRY PROD . DRY PRCD . T OTAL 

D i scount  R a te 1 0 /  
1 305l 1 1  1 .  50 1 6 . 5  3 CDE 1 989 2 . 264 -428 2 . 2  - 1 6 . 5 

2 1  2 . 50 47 . 7 5 BCDEF 3450 6 . 1 37 872 2 1 .  1 947 1 6 19 1 5 4 47 . 7  8 1  73 52 207 4 1 3  

3 1  3 . 1 0  
" " " " " 1 5 1 3  29 . 7  . .  . .  . .  " " " " " 

4 1  3 . 50 
" " " " " 1 940 35 . 5  

5 1  5 . 00 56. 7  6 BCDEFG 36 1 3  6 . 5 1 7  3772 59 . 2  1 029 1 874 1 58 56 . 7 68 90 57 227 442 

6 1  7 . 00 64 . 2  8 BCDEFGH I 3702 6 . 704 62 1 5  89 . 1 1 072 2040 1 60 64 . 2 57 1 03 59 236 455 

7 1  9 . 00 
" " " " " 8543 1 1 5 . 6  " " " " " " " 

I-' 8 1  1 2 . 00 
" " " " " 1 2037 1 5 1 . 1 

,j::. 
I 

U1 D i scou n t  Rate 1 �/, 
0 1 2  1 .  50 1 6 . 4 2 CD 1 98 1  2 . 246 -540 2. 1 1 6 . 4 

22 2 . 50 33 . 3  4 BCDE 2297 3 . 626 1 2 5  1 7 . 7  772 1 2 1 4 2 1 3  33 . 3 1 42 7 1  35 1 38 386 

32 3 . 1 0  47 . 7  5 BCDEF 3450 6 . 1 37 847 29 . 7  947 1 6 1 9  1 54 47 . 7  8 1  73 52 207 4 1 3  

42 3 . 50 " " " " " 1 1 73  3 5 . 5  " " " " " " " " " 
52  5 . 00 56 . 7 6 BCDEFG 36 1 3  6 . 5 1 7  256 1 59 . 2  1 029 1 874 1 58 56 . 7  68 90 57 227 442 

62 7 . 00 6 1 . 7  7 BCDEFGH 3643 6 . 630 4380 88 . 9  1058 1981  1 60 6 1 . 7  6 1  99 58 2 32 450 

72 9 . 00 64 . 2 8 BCDEFGH I 3702 6 . 704 6202 1 1 5 . 6  1 072 2040 1 60 64 . 2 57 1 03 59 236 455 

8 2  1 2 . 00 " " " " " 887 1 1 5 1 .  1 . .  " " " 

D i scount Ra te 20� 
1 3  1 .  50 2 . 2  1 c 1 472 . 2 1 2  -782 0 - - 2 . 2  

23 2 . 50 33 . 3  4 BCDE 2297 3 . 626 -82 1 7 . 7  - 33 . 3  

3 3  3 .  1 0  " " " " " 1 82 24 . 9  772 1 2 1 4 2 1 3  " 1 42 7 1  35 1 38 )86 

43 3 . 50 47 . 7  5 BCDEF 3450 6 .  1 37 709 3 5 - 5  947 1 6 1 9 1 54 47 . 7  8 1  7 3  52 207 4 1 3  

5 3  5 . 00 " " " " " 1 695 57. 1 " " " " " " " " " 

63 7 . 00 56. 7  6 BCDEFG 36 1 3  6 . 5 1 7  32 1 5  87 . 5  1 029 1 874 1 58 56 . 7  68 90 57 227 442 

73  9 . 00 6 1 . 7  7 BCDEFGH 3643 6 . 6)0 4707 1 1 5 . 2 1 058 1 9 8 1  1 60 6 1 . 7  6 1  99 58 232 450 

83 1 2 . 00 64 . 2 8 BCOEFG H I  3702 6 . 704 69 1 0  1 5 1 . 1 1 072 2040 1 60 64 . 2  57 1 0 3  59 236 455 

* CODE : B C D E F G H I  
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 



TAB L E  1 4-40 

ECONOM I CS SUMMARY 
BAS I N  P i ceance TECHNOLOGY Advanced 

SUB BAS I N  FORMAT I ON Ft . Un i on + Mesa Ve rde DATE May 1 980 

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS 
PROF I T . K -LEVELS E & p GAS N ET PRE S . DCF  RATE MAX N O .  W I LDCAT 

GAS PR I C E PROS P . ON STREAM I N VEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV .  PROSP . SUCCESS W I LDCAT DEVE LOPME�IT 
CASE NO . S/MC F __ %_ NO . VALUE * _it!__ ....!!f.L �M % AT PR I C E BCF  G I P  BCF  AT PR I CE % DRY PROD . DRY f..l!.QL TOT A L 

� i scount  Ra te  l OX 
13652 I I  I .  50 1 6 . 4 2 CD  2957 3 . 085 - 525 2 . 5 1 6 . 4 - -

2 1  2 . 50 33 . 3 4 BCDE 4265 5.  770 1 02 1  2 1 . 2  1 2 1 4 1 2 1 4 2 1 0  33 . 3 1 40 70 67 268 545 
3 1  3 . I 0 47 . 7 5 BCDEF 83 1 3  1 0 . 850 3 1 68 3 3 . 0  1 6 1 9  1 6 1 9  1 49 47 . 7  78 7 1  1 09 437 696 
4 1  3 . 5 0  " " " " " 409 1 40 . 4 " " " " " " " " " 
5 1  5 . 00 56 . 7  6 BCDEFG 9850 1 2 .  1 49 823 1  67 . 2 1874 1 874 1 5 4 56 . 7  6 7  87 1 34 536 824 
6 1  7 . 00 6 1 . 7 7 BC DEFGH 1 0587 1 2 . 696 1 38 1 9  1 04 . 8 1 9 8 1  1 98 1  1 56 6 1 . 7  60 96 1 45 579 880 
7 1  9 . 00 64 . 2 8 BCDEFGH I 1 1 0 1 0  1 2 . 959 1 9455 1 4 1 . 4 2034. 2040 1 5 7  64 . 2  56 1 0 1  1 5 1  604 9 1 1 

1-' 8 1  1 2 . 00 " " " " " 27702 1 44 . 4 " " " " " " " 
.1::> 
I D i scoc�t Rate  1 �1, 

U1 1 2  I .  50 1 6 . 4 2 co 2957 3 . 085 -695 2 . 5  - 1 6 . 4 
1-' 22 2 . 50 33 . 3 4 BCDE 4265 5. 770 44 1 2 1 . 2  1 2 1 4 1 2 1 4 2 1 0 3 3 . 3 1 40 70 67 268 545 

3 2  3 . 1 0  " " " " " 1 055 30 . 2  " " " " " " " " " 
42 3 . 50 47 . 7 5 BCDEF 83 1 3  1 0 . 850 2576 40 . 4 1 6 1 9  1 6 1 9  1 49 47 . 7  78 7 1  109 437 696 
52  5 . 00 " " " " " 5248 69 . I " " " " " " " " " 
62 7 . 00 56 . 7 6 BCDEFG 9850 1 2 .  1 49 9678 1 06 . 7 1 874 1 874 1 54 56 . 7 67 87 1 34 536 824 

72 9 . 00 6 1 . 7  7 BCDEFGH 1 0587 1 2 . 696 1 4 1 1 J  1 43 . I 1 9 8 1  1 98 1  1 56 6 1 . 7  60 96 1 45  579 880 
82 1 2 . 00 64 . 2 8 BCDEFGH I 1 1 0 1 0  1 2 . 959 20644 1 94 . 4 2034 2040 1 57 64 . 2  56 1 0 1  1 5 1  604 9 1 1  

D i s coun t  Rate 20% 
1 3  I .  50 2 . 2  I c 1 986 . 288 - 1 043 0 - 2 . 2  
23 2 . 50 1 6 . 5  3 CDE 2970 3. I 1 0  - 326 1 2 . 9  - 1 6 . 5  
3 3  3 .  I 0 33 . 3  4 BCDE 4265 5. 770 575 30 . 2  1 2 1 4  1 2 1 4 2 1 0  33 . 3  1 40 70 67 268 545 
43 3 . 50 " " " " " 9 1 1  36 . 2  " " " " " " " " " 
5 3  5 . 00 47 . 7  5 BCDEF 83 1 3  1 0 . 850 3 794 69 .  I 1 6 1 9  1 6 1 9  1 49 47 . 7  78 71 1 09 437 696 

63 7 . 00 56 . 7 6 BCDEFG 9850 1 2 .  1 49 7307 106 . 7 1 874 1 874 1 54 56 . 7  67 87 1 34 536 82 4 

7 3  9 . 00 6 1 . 7  7 BCDEFGH 1 0587 1 2 . 696 1 0862 1 43 . I 1981  1 98 1  1 56 6 1 . 7  60 96 1 45 579 880 

83 1 2 . 00 64 . 2 8 BCDEFGH I 1 1 0 1 0  1 2 . 959 1 6 1 2 1  1 94 . 4 2034 2040 1 57 64 . 2  56 1 0 1  1 5 1  604 9 1 1 

'' COD e :  S C D  E F G H I  
0 . I 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1  0 . 00003 
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TOTAL BAS I N  AREA ( SECT I ONS ) : 7 1 00 
TYPE : Lent i cu l a r + B l a n ket 

NGL C BBL/MMC F ) : 20 . 

AVERAGE PRODUCT I VE H/C GAS 
PERM .  AREA POROS I TY 
C MD )  ( SECT I ONS ) ___i!) 

o .  1 3 * 

0 . 03 1 1  

0 . 0 1  1 7  

0 . 003 1 4  

0 . 00 1  5 

0 . 0003 2 

5 1  

NET PAY 
TH I CKNESS 

( FT . ) 

* 

TABLE 1 4-4 1  

GEOLOG I CAL DATA SUMMARY 

BAS I N :  P i cean ce 
SUBBAS I N :  
FORMAT I ON :  Fort U n i on + Corcoran  Cozette 

DEPTH ( FT .  ) : * 

PRESSURE CP S I A ) : * 

TEMPERATURE ( ° F ) : * 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 

C BCF ) C BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

37 . 0 1  3 1  * * * 

1 54 . 28 1 2 1  

269 . 0 1  1 98 

244 . 94 1 69 

88 . 90 58  

3 1 . 67 1 9  

826 . 596 

* Refer to i nd i v i d ua l format i on s  for these  data . 



TAB L E  1 4-42 

W f l l  P R O D U C T I ON S U M M A R Y-- B A S E  C A S E  

P I C E A N C E ,  F O R T  UN I O N  + C O R C OR A N  C O Z E T T E  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  o . o o o 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R 

1 4 8 8  4 0 5  3 4 5  2 7 6  2 3 3  1 9 2 

f-' 2 3 1 3  2 4 0  1 9 5  1 4 8  1 2 3  1 0 1  """ 
I 

lJ1 
w 

5 2 1 4  1 5 5  1 1 9 9 0  7 0  5 6  

1 0  1 5 5  1 1 7  8 6  6 2  4 7  3 7  

1 5  1 2 4  9 9  7 3  5 1  3 9  3 0  

2 0  9 7  8 7  6 4  4 3  3 3  2 4  

3 0  7 2  6 9  5 4  3 5  2 5  1 8  

3 0 - Y E A R 
C U M I'I . 
P R O D • 4 4 3 9 3 5 6 9 2 7 5 0  1 9 7 9 1 5 6 0  1 2 1 9 

( M M C F ) 



TABLE  1 4-43 

W E L L  P R OD U C T I ON S U M M A R Y --A D V A N C E D  C A S E  

P I C E A N C E ,  F O R T  UN I O N + C O R C O R A N  C OZ E T T E  

G A S P R O D UC T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  
Y E A R  

1 7 2 0  7 9 2  7 2 4  6 3 3  5 1 6 3 8 8  

1-' 2 4 6 0  5 1 7  4 4 1  3 5 6  2 8 0  2 0 4  ""' 
I 

Ul 
""' 

5 3 0 4  3 3 9 2 8 3  2 1 4  1 6 3  1 1 6 

1 0  2 2 4 2 5 0 2 0 2  1 4 9 1 1 1  7 8  

1 5  1 8 5  2 0 4  1 6 8  1 2 2  9 2  6 2  

2 0  1 5 2  1 76 1 4 5 1 0 6  7 8  5 1  

3 0  1 2 0  1 3 7  1 1 7  8 5  6 1  3 9  

3 0 - Y E A R 
C U M M . 
P R O (} .  6 6 1 0  7 4 1 9  6 2 2 9  4 7 4 0  3 5 9 0 2 5 1 0 

( M M C F ) 



TABLE 1 4-44 

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N : P i cea nce 
SUB-BAS I N : 
FORMAT I ON :  Fort Un i on + Corcor a n  Cozette 

BASE CASE ADVANCED CASE 
N UMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 

I-' 
( MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= 1 2 l  ( BCF ) 

� 
I 

Ul 
Ul • 1 2 . 28 2 . 28 3 1  1 .  53 1 .  53 3 1  

. 03 3 . 02 3 . 02 1 2 1  1 . 4 5  1 . 4 5  1 2 1  

. o 1 4 . 28 4 .  1 85 1 . 89 1 . 89 1 98 

• 003 6 . 2 1  4 • 1 09 2 . 59 2 . 59 1 69 

. 0 0 1  8 . 09 4 .  29 3 . 52 3 . 52 58 

. 0003 1 0 . 1 9  4 .  7 4 . 94 4 . 94 1 9  

482 596 
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TABLE 1 4-45 

I NV E STMENT AND OPERAT I NG EXPENSES  

Geo l og y  and  Geop h ys i cs ( $/Pr os pect ) 

Dr i I I i ng  Cost ( $/We I I ) 

Fracture Cost ( $/We i  I )  

Base Case [ 1 000 Ft . Fract u r e ) 

BAS I N :  P i cea n ce 
SUB-BAS I N : -
FORMAT I ON :  Fort U n i on + Corcoran Cozette 

Ad vanc ed Case  [ 2000 /4000 Ft . Fracture ) 

S ur f ac e  Eq u i pment ( $/We i I )  

An n ua l O perat i ng E x pe n se ( $/We i  I )  

Compres sor Fue l Cos t ,  Rat i o  of  Cost to 

W . l .  Ga s Reven u e  

20 , 000 

37 5 , 000 

27 7 , 700 - 309 , 200 
353 , 300 - 74 1 , 1 00 

4 5 , 000 

1 0 , 000  

. 03 1 1 



BAS I N  P i ceance 

SU� BAS I N  

GAS PR I C E  
CASE NO . S /MC F 

0 i s coun t Ra t e  1 o·:� 
13061 1 1  I .  50 

2 1  2 . 50 
3 1  3 .  1 0  
4 1  3 . 50  
5 1  S . DO 
6 1  7 . 00 
7 1  9 . 00 

...... 8 1  1 2 . 00 
� 

I O i s c ou n t  Ra t e I S'!.. 
U1 1 2  I .  50 -...J 22 2 . 50 

32 3 . 10 
42 3 . 50 
52 5 . 00 
6 2  7 . 00 
72  9 . 00 
82 1 2 . 00 

U i scol. n t  Ra t e  2 lY''� 
1 3 I .  50  
23  2 . 50 
3 3  3 .  1 0  !, 3 3 . 50 
5 3  5 . 00 
63 ] . 00 
73 9 . 00 
83 1 2 . 00 

" C OD E : � 
0 . 1 

PROF I T . 
PROS P .  
__ %_ 

2 4 . 7 
48 . 6  
5 1 . 7  

" 
" 
" 
" 
" 

24 . 7  
4 8 . 6  
5 1 . 7  

" 
" 
" 
" 
" 

1 0 . 6  
4 1 . 7  
48 . 6  

" 

5 1 . 7  

c 
0 . 03 

" 
" 
" 

0 
0 . 0 1  

TABL E  1 4-46 

ECONOM I CS SUMMAKY 

FORMAT I ON F t . Un i on+Corcoran Cozet t e  

AVERAGE P E R  PROS PECT 
K -LEVELS E & p 
ON STREAM I NVEST . 
NO . VALUE * � 

3 
5 
6 
" 
" 
" 
" 
" 

3 
5 
6 
" 
" 
" 
" 
" 

2 
4 
5 
" 
6 
" 
" 
" 

BCD 
BCDEF 
BCDEFG 
" 
" 
" 
" 
" 

BCD 
BCDEF 
BCDEFG 
" 
" 
" 
" 
" 

BC 
BCDE 
BCDEF 
" 

BCOEFG 
" 
" 
" 

E 
0 . 003 

F 
0 . 00 1  

1 859 
2465 
2606 

" 
" 
" 
" 
" 

1 859 
2465 
2606 

" 
" 
" 
" 
" 

1 435 
2 352 
2465 

" 

2606 
" 
" 
" 

G 
0 . 0003 

GAS NET PRES . 
PROD . VALUE 
_g£_ �M 

5 . 049 1 95 
7 . 289 1 47 1  
7 . 568 2 1 95 
" 2652 
" 4367 
" 6653 
" 8940 
" 1 2 370 

5 . 049 - 7 1  
7 . 289 805 
7 . 568 1 3 1 5  
" 1 642 
" 2869 
" 4504 
" 6 1 39 
" 8592 

3 . 024 - 307 
6 . 908 388 
7 . 289 789 
" 1 029 
7 . 568 2000 
" 3250 
" 4500 
" 6374 

BAS I N  TOTALS 
DCF RATE 

OF RETURN GAS RECOVER . MAX RECOV , 
% AT PR I C E  8 C F  G I P  B C F  

1 3 . 3 337 350 
3 1 . 4  475 577 
40 . 9 482 596 
47 . 1 
68. 4  
93 . 2 

1 1 4 . 8 
142 . 9 

1 3 . 3 
3 1 . 4  475 577 
40 . 9 482 596 
47. 1 
68 . 4 
9 3 . 2  

1 1 4 . 8  
1 42 . 9 

9. 1 -
30 . 5 446 5 1 9 
40 . 7  475 577 
46 . 7 " " 

68 . 4 482 596 
9 3 . 2  

1 1 4 . 8  
1 42 . 9  

TECHNOLOGY Base 

DATE May 1 980 

\./ELLS 
MAX NO . \.I I  LDCAT 
PROSP . SUCCESS  \.I I  LDCAT DEVE LOP�IENT 

AT PR I C E  % Q!!! PROD , DRY PROD . TOTAL 

67  24 . 7  50 1 7  20 81 1 68 
65 48 . 6  3 3  32 3 1  1 24 2 1 9  
6 4  5 1 . 7  3 1  3 3  33  1 32 228 

- 2 4 . 7  
6 5  48. 6 33  32 3 1  124  2 1 9  
64 5 1 . 7  3 1  33  33  1 32 228 

1 0 . 6  
65 4 1 . 7  38 27 29 1 1 5 209 
65 48 . 6  33  32 3 1  1 24 2 1 9  

" " " " " " " 

64 5 1 . 7  3 1  3 3  3 3  1 32 228 



1-' 
""" 
I 

U1 
00 

8AS I N  P i ceance 

SUB BAS I N  

PROF I T . 
GAS PR I CE PROS P . 

CIISE N O .  S /�IC F __ %_ 

D i s coun t R a t t:  I ll:� 
f3062 I I  I . 50 48 . 6  

2 1  2 . 50 5 1 . 7  
3 1  3 . 1 0  " 

4 1  3 . 50  " 

5 1  5 . 00 " 
6 1  7 . 00 " 

7 1  9 . 00 " 
8 1  1 2 . 00 " 

O i scow1 t R a t e  1 5·'�. 
1 2  I .  so 4 1 . 7  
2 2  2 . 50 5 1 . 7  
32  3 . l 0 " 
42 3 . 50 " 
5 2  5 . 00 " 

6 2  7 . 00 " 

72 9 . 1!0 " 

B2  1 2 . 00 " 

V i scou n t  Ra r e  2 0'·� 
I 3 
2 3  
3 3 
I, )  
5 3  
6 3  
7 3  
83 

" C OO£ : 

I . 50  4 1 . 7  
2 . 50 48 . 6  
3 . 1 0  5 1 . 7  
3 . 50 " 

s . oo 
" 

7 . 00 
" 

9 . 00 " 
1 2 . 00 " 

B C D 
0 . 1 0 . 0 3  0 . 0 1  

TAB LE 1 4-47 

ECONOM I CS SUMMARY, 

FORMAT I ON Ft. Un i ontCorcoran Cozette  

AVERAGE PER PROSPECT BAS I N  TOTALS 
K -LEVELS E & p 
ON STREAM I NVEST . 
NO . VALUE * _itL_ 
5 
6 
" 
" 
" 
" 
" 
" 

4 
6 
" 
" 
" 
" 

" 
" 

4 
5 
6 
" 
" 
I I  

I I  

I I  

BCDEF 
BCDEFG 
" 
" 
" 
" 
" 
" 

BCDE 
BCDEFG 
" 
" 
" 
" 
" 
" 

BCDE 
BCDEF 
BCDEFG 
" 

" 
" 
" 
I I  

E 
0 . 003 

F 
0 . 001 

232 1 
2635 

" 

" 
" 

" 
" 
" 

209 1 
2635 

" 
" 
" 
" 
" 
" 

209 1 
232 1 
2635 

" 
" 
" 
" 
" 

c 
0 . 0003 

GAS 
PROD . 
� 
8 . 32 1  
8 . 9 1 0 
" 
" 
" 
" 
" 
" 

7 . 482 
8 . 9 1 0  
" 
" 

" 
" 
" 
" 

7 . 482 
8 . 32 1 
8 . 9 1 0  
" 
" 
" 
" 
" 

NET PRES . DCF  RATE 
VALUE OF RETURN GAS RECOVER . MAX RECOV . 
�M � AT PR I C E  8CF  G I P  BCF  

972  24 . 7  577 577 
258 1  46 . 7 596 596 
3530 59 . 6 " " 

4 1 63  67 . 7 
6535  96 . 0  
9699 1 2 8 . 8 

1 2 862 1 57 . 5 
1 7607 1 95 . 4 

386 23 . 3  5 1 9  5 1 9  
1 638 46. 7 596 596 
2336 59 . 6  " " 
280 1 6 7 . 7  
4547 96 . 0  
6874 1 28 . 8 
920 1 1 5 7 . 5  

1 2692 1 95 . 4  

1 2 1  2<3 . 3  5 1 9 5 1 9  
102 1 46 . 5  577 577 
1 620 59 . 6  596 596 
1 983 67 . 7  
3344 96 . 0 
5 1 59 1 28 . 8  
6974 1 57 . 5 
9696 1 95 . 4  

TECHNOLOGY Advanced 

DATE 11a:z: 1280 

IIELLS  
MAX NO . Il l  LDCAT 
PROSP . SUCCESS Ill LDCAT DEVE LOPMENT 

AT PR I CE % QB1. PROD . ORY PROD . TOTAL 

69 48. 6 35  34 1 7  67  1 56 
67  5 1 . 7  32  35 2 1  82 170 

" " " " " " · " 

69 4 1 . 7  40 29 1 4  58 1 4 1  
67  5 1 . 7 32 35  2 1  82 1 70 

, , 

69 4 1 . 7  40 29 1 4  58 1 4 1  
69 48. 6  35 34 1 7  67 1 56 
67  5 1 . 7  32 35 2 1  82 1 70 
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TOTAL BAS I N  AREA ( SE CT I. ONS ) :  7 1 00 
TYPE : Lent i cu l a r  

NGL ( BBL/MMC F ) : 20 . 

AVERAGE PRODUCT I VE H/C GAS 
PERM .  AREA PORO S I TY 
(MD )  ( SECT I ONS ) ( % ) 

0 . 3 32 6 . 0  

o .  1 7 1  5 . 4  

0 . 03 2 1 4  4 . 8  

0 . 0 1  1 88 4 . 4  

0 . 003 1 04 3 . 9  

0 . 0 0 1  3 7  3 . 5  

646 

NET PAY 
TH I CKNESS 

( FT . ) 

7 

1 1  

1 7  

2 1  

28 

35 

TABLE 1 4-48 

GEOLOG I CAL DATA SUMMARY 

BAS I N : P i ceance 
SUBBAS I N : 
FORMAT I ON :  Lower Cret . & J urass i c  

DEPTH ( FT . ) :  7000 
PRESSURE < P S I A ) : 2900 
TEMPERATURE ( ° F ) : 1 58 

FOR E ACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

GAS l N  P LACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I V E N  THAT 
RESERVO I R  COND . GAS NATURE I S  STATE O F  NATURE I S  PROD 

( BCF > ( BCF ) PRODUCT I VE 1 st W/C 2 n d  W/C 

74 64 o .  1 5  1 . o  

232 1 9 1  0 . 30 1 . o 

962 746 0 . 40 1 . o  

9 5 7  699 0 . 4 5  1 . o  

626 428 0 . 50 1 . o  

250 1 60 0 . 5 5  1 . 0 

3 1 0 1  2 288 

* Refer  to i nd i v i d ua l format i ons tor these data . 



TAB L E  1 4-49 
W E L L P R OD U C T I ON S U M M A R Y-- B A S E  C A S E  

P I C E A N C E ,  L O W E R  C R E T A C E O U S  + J U R R A S I C  

G A S  P R O D UC T I O N  C M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R 

1 2 9 3  2 9 9  2 3 7 1 6 9 9 9  6 4  

I-' 2 5 0  1 0 0 1 1 1 8 5  5 1  3 3  .1::> 
I 

� 
0 

5 5 2 0  4 4  4 4  2 9  1 9  

1 0  0 5 1 6  2 3  1 9  1 3  

1 5  0 1 8 1 5  1 5  1 0  

2 0  0 0 4 9 1 2  9 

3 0  0 0 1 5 8 7 

3 0 - Y E A R  
C U M M . 
P R O D . 3 9 0  5 7 0 7 6 0  7 8 0  6 2 0  4 2 9  

C M M C F ) 



TAB L E  1 4- 50 

W E L L  P R O D U C T I ON S U M M A R Y--A D V A NC E D  C A S E  

P I C E A N C E ,  L O W E R  C R E T A C E O U S,  + J U R R A S I C  

G A S  P R O D UC T fO N  ( MM C F / Y E A R / W E L L ) 

K • 0 . 3  o . 1  0 . 0 3 o . o 1  
Y E A R  

0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  o . o o o 1  o . o o o o 3  o . oo o o 1  C M D )  

1 3 5 4 3 6 9 2 8 7  1 9 6  1 3 6 1 00 

I-' 2 6 1  1 4 9 1 4 3  1 0 1 6 4  4 4  
*'-

I 
0\ 
I-' 

5 6 4 1  6 3  5 6  3 3  2 5  

1 0  0 1 1  2 8  3 2  2 0  1 6  

1 5  0 4 1 6  2 3  1 5  1 1 

2 0  0 1 9 1 7  1 0 9 

3 0  0 0 4 1 0  6 5 

3 0- Y E A R  
C U M M . 
P R O D . 4 7 0  8 5 0  1 1 0 0  1 0 4 9  6 79 5 1 9  

C M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM .  REQD . TO PRODUCE ACTUALLY USED 
( MD )  ALL GAS I MAX=4 l 

I-' . 3  5 . 1 3  4 
""" 
I 

0'\ 
N 

• 1 4 .  72 4 

. 03 4 . 59 4 

. 0 1  4 .  77 4 

. 003 6 . 64 4 

. 00 1 1 0 . 08 4 

TABLE 1 4- 5 1  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : P i ceance 
SUB-BAS I N : -
FORMAT I ON : Lower Cret . & J uras s i c  

RECOVERABLE NUMBER OF 
GAS FROM WEL LS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
< BCF ) ALL GAS 

49 4 . 25 

1 62 3 .  1 6  

656 3 . 1 7  

587 3 . 54 

257  6 . 06 

64 8 . 33 

1 7 7 5  

ADVANCED CASE 
NUMBER OF RECOV ERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WELLS 

I MAX= I 2 J  ( BC F ) 

4 . 2 5 64 

3 .  1 6  1 9 1  

3 . 1 7  746 

3 . 54 699 

6 . 06 428 

8 . 33 1 60 

2288 
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TABLE 1 4- 52  

I NV E STMENT AND OPERAT I NG EXPENSES 

BAS I N : P i ceance 
SUB-BAS I N : 
FORMAT I ON :  Lower Cret . & J ur a s s i c  

Geo l og y  a n d  Geop h ys i cs ( $/Pros pect ) 2 0 , 000  

D r  i I I i ng  Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case [ 1 00 0  F t . Fracture ] 
Advanced Case [ 2000/4000 F t .  Fract u r e ] 

S u r face Eq u i pment ( $/We l l )  

An n u a l O perat i ng Expense  ( $/We i I )  

Compressor  Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Ga s Revenue  

469 , 000 

1 5 5 , 000 
308 , 000  

4 5 , 000  

1 0 , 000  

. 0303 



TAB L E  1 4- 5 3  

ECONOM I CS SUHHARY 
BAS I N  P i ceance 

SUB BAS I N  FORMAT I ON Lowe r C retaceous & Jurass i c  

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T .  K-LEVELS E & p GAS NET PRES .  D C F  RATE 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD. VALUE OF RETURN GAS RECOVER . HAX RECOV . 
CASE NO. VHCF ____L_ NO . VALUE * ....i!L_ ..!fL. �M :& AT PR I CE,BCF G I P,BCF 

D i scoun t Rate 1 0%  
1 307 1 1 1  I .  50 0 0 - 780 - -4 5 1  0 

2 1  2 . 50 0 0 - " -45 1  0 
3 1  3 .  1 0  29 . 6 3 BCD 5269 4 . 5 1 0  576 1 8 . 7  1 405 1 636 
4 1 3 . 50 " " " " " 978 24 . 6 " " 

5 1  5 . 00 39 . 0  5 ABC DE 66 1 6 5 . 684 283 1  4 5 .  I I 7 1 1 2 1 28 
6 1 7 . 00 42 . 2  6 ABCDEF 6928 5 . 925  5296 72 . 0  1 775 2288 
7 1  9 . 00 " " " " " 7755 96 . 9  " " 

1-' 8 1 1 2 . 00 " " " " " 1 1 443 1 28 . 2  � 
I D i scount Rate ��� � 1 2  I .  50 0 0 - 780 - -452 0 � 22 2 . 50 0 0 780 - - 452 0 

32  3 .  1 0  I 3 .  3 I c 28 1 6 - -69 1 2 . 8 
42 3 . 50 1 6 . 7  2 BC 3405 2 . 472 2 1 2  20 . 9  8 1 8 937 
52  5 . 00 30 . 7  4 ABCD 5454 4 . 60 1  I 7 2 1  47 . 3 1 454 1 700 
62 7 . 00 39 . 0  5 ABC DE 66 1 6 5 . 684 3698 73 . 3 I 7 1 1 2 1 28 
72 9 . 00 42 . 2  6 ABCDEF 6928 5 . 925 56 1 3  96 . 9  1 775 2288 
82 1 2 . 00 " " " " " 8440 1 28 . 2  " " 

D i scount  Rate 2�& 
1 3  I .  50  0 0 - 780 -453  0 
23 2 . 50 0 0 - 780 - -453 0 
33  3 .  10  0 0 - 780 -453  0 
43 3 . 50 1 6 . 7  2 BC 3405 2 . 472 28 2 0 . 9  8 1 8 937 
53  5 . 00 30 . 7  4 ABCD 5454 4 . 60 1  1 1 72 47 . 3  1 454 1 700 
63 7 . DO 39 . 0  5 ABC DE 66 1 6 5 . 684 2698 73 . 3  1 7 1 1  2 1 28 

73 9 . 00 
" " " " " 4 1 64 97. 7 " " 

83 1 2 . 00 42 . 2  6 ABCDEF 6928 5 . 925  6462 1 28. 2  1 775 2288 

* CODE : A B C D E F 
0 . 3 0 . 1 0 . 03  0 . 0 1  0 . 003 0 . 00 1  

TECHNOLOGY 

DATE 

HAX NO .  
PROSP . 

AT PR ICE  

3 1 2  
" 

301 
300 

" 

3 3 1  
3 1 6 
301  
300 

" 

3 3 1  
3 1 6 
301 

" 

300 

Base 

May 1 980 

W I LDCAT 
SUCCESS 

:& 

29 . 6 
" 

39 . 0  
42 . 2  

" 

1 6 . 7  
30. 7  
39 . 0  
42 . 2  

1 6 . 7  
30 . 7  
39 . 0  

" 

42 . 2  

W I LDCAT 
DRY f!iQQ_, 

220 92 
" " 

1 84 1 1 7  
1 73 1 27 

" " 

276 55 
2 1 9  97 
I 84 1 1 7  
I 73 1 27 

276 55 
2 1 9  97 
I 84 1 1 7 

" " 

1 73 1 2 7 

WELLS 

DEVELOPMENT 
DRY PROD, TOTAL 

42 3  1 692 2427 
" " " 

530 2 1 22 2953 
557 2228 3085 

" " " 

262 1 050 1 643 
446 I 784 2546 
530 2 1 22 2953 
557 2228 3085 

262 1 050 1 64 3 
446 1 784 2546 
530 2 1 22 2953 

" " " 

557 2228 3085 



TAB L E  1 4- 54 

ECONOM I CS SUMMARY 
BAS I N  P i ceance TECHNOLOGY Advanced 

SUB BAS I N  FORMAT I ON Lowe r Cretaceous and J urass i c  DATE May 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRES . DCF RATE MAX NO.  W I LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV .  PROSP .  SUCCESS W I LDCAT DEVELOPMENT 
CASE NO .  VMC F  _x_ NO . VALUE * J..!L_ ...!fL �M X1 AT PR I CE,BCF G I P  BCF AT PR I CE '& DRY �. DRY PROD . TOTAL 

D i scount  Rate l ifk 
no72 1 1  I .  50 0 0 934 0 - 538 0 

2 1  2 . 50 1 3 . 3 I c 2748 0 - 1 47 6 . 8  - - 1 3 . 3  
3 1  3 . 1 0  29 . 6 3 BCD 5004 4 . 897 699 1 9 . 2  1 636 1 6 36 334 29 . 6  235 99 333 1 332 1 999 
4 1  3 . 50 " " " " " 1 097 24 . 5  " " " " " " " " " 
5 1  5 . 00 39 . 0  5 ABC DE 7437 6 . 585 3 1 7 1  42 . 4  2 1 28 2 1 28 323 39 . 0  1 97 1 26 5 1 5  2059 2897 
6 1  7 . 00 42 . 2  6 ABCDEF 8238 7 . 036 6031  67 . 3 2288 2288 325 42 . 2  1 88 1 37 582 2328 3235 
7 1  9 . 00 " " " " " 8850 92 . 2  

1-' 8 1  1 2 . 00 " " " " " 1 3079 1 24 . 2  
""' 
I D i scount  Rate 1�k 

0"1 1 2  I .  50 0 D - 934 0 - 537 0 
U1 22 2 . 50 0 0 - " 0 - 537 0 

3 2  3 . 1 0  1 6 . 7  2 BC 3278 2 . 702 49 1 6 . 2  937 937 347 1 6 . 7  289 58 200 797 1 344 
42 3 . 50 " " " " " 242 20 . 8  " " " " " " " " " 
52 5 . 00 30 . 7 4 ABCD 5226 5 . 004 1 746 45 . 0 1 700 1 700 340 30 . 7  2 36 1 04 358 1 430 2 1 28 
6 2  7 . 00 39 . 0  5 ABC DE 7437 6 . 585 4026 69 . 4 2 1 28 2 1 28 323 39 . 0 1 97 1 26 5 1 5  2059 2897 
72 9 . 00 42 . 2 6 ABCDEF 8238 7 . 036 6271  92 . 2 2288 2288 325 42 . 2  1 88 1 37 582 2328 3235 
82 1 2 . 00 " " " " " 9475 1 24 . 2 " " " " " " " " " 

D i scount  Ra te 2ifk 
1 3  I .  50 0 0 - 934 0 - 536 0 
23 2 . 50 0 0 934 0 - 5 36 0 
3 3  3 . 1 0  3 . 4  1 B 1 464 0 -436 0 3 . 4  
43 3 . 50 1 6 . 7  2 BC 3278 2 . 702 30 20 . 8  937 937 347 1 6 . 7  289 58 200 797 1 344 
5 3  5 . 00 30 . 7  4 ABCD 5226 5 . 004 1 1 60 4 5 . 0  1 700 1 700 340 30 . 7  236 1 04 358 1 430 2 1 28 
6 3  7 . 00 39 . 0 5 ABC DE 7437 6 . 585 2882 69 . 4  2 1 28 2 1 28 323 39 . 0  1 97 1 26 5 1 5  2059 2897 
73 9 . 00 42 . 2 6 ABCDEF 8238 7 . 036 4625 92 . 2  2288 2288 325 42 . 2  1 88 1 37 582 2328 3235 
83 1 2 . 00 " " " " " 7 1 57 1 24 . 2 

* CODE : A 6 C D E F 
0-. 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1 



Ch apte r F i fteen 

DENVE R BAS I N  

L I S T  OF TABLES 

Tight  Ga s Re servo i r  Ta rge t Forma t ions 1 5- 4  

J S S  Re servo i r  Prope r t ie s , Wa tte nberg F i e l d  
a n d  Env i ronments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5- 1 6 

Max imum Re coverab l e  Gas and Product i ve Are a . . . • • . • • . . • . • • • .  1 5 - 1 9  

Summa ry o f  Denver Bas i n  Ga s Po ten t ia l  . • . . . . . . . • . • • • • . • . • . • •  1 5 - 2 0 

Explora t io n  Per formance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 - 2 1 

In add i t ion , each s ub bas i n  wi th i n the bas i n  h a s  a ser ie s  o f  
the se spe c i f i c tab le s : 

Geo log i c a l  Da t a  Summa ry 
We l l  Prod u c t ion Summa ry - - Ba se Ca se 
We l l  Product ion Summa ry -- Ad vanced Case 
Produc t ion We l l  Req u i reme nts 
Inve s tment and Ope r a t i n g  Expenses 
Econom i cs Summa ry Base C a se 
Econom i c s  Summa ry - - Ad vanced Case 

Subba s i n  
Pag e s  

De nve r Ar ea A 
Denve r Are a B 

1 5- 2 4  - 1 5- 3 0  
1 5 - 3 3  - 1 5 - 3 9  

F i gure 

1 5 - 1  
1 5-2 
1 5 - 3  
1 5-4 
1 5 - 5  
1 5- 6  
1 5 - 7 
1 5- 8  

L I ST O F  F I GURES 

Ro cky Moun ta i n  Reg io n  . • . . . . . . . • . . . • . • . • . • . • • • . .  

Struc ture Top -- Lowe r Cretaceou s • . • • . • . • . • • • . •  

Ea s tern Co lorad o  Wa t tenberg F i e l d  • • . • . . . . . . . . . .  

Th ermal H i  s tory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

General i ze d  The rma l Trend s . • • . • • . . . . . . . • . • . . . . •  

To tal J S S  Isopach s . . . . . • • . . . . • . . . . . . • . • . . • • . . •  

F i e l d  S i z e  Di s tr i but ion o f  Pro d u c i b l e  Gas . . • • . . 

Oi l and Ga s F i eld Ma p • . . . . . . . . . . • • . . . . • . . . . • . . •  

1 5 - 2  
1 5- 3  
1 5 - 5  
1 5- 9  
1 5 - 1 0  
1 5 - 1 8  
1 5 - 2 2 
1 5 - 2 3  



GEOLOGY 
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DENVER BAS I N  
LOWER CRETACEO US 

J-SAN DS TONE 
T I GHT RESERVO I R  GAS POTENT IAL 

Th e De nve r  Ba s i n  i s  l oc a ted in e a s tern Co lorad o , southeastern 
Wyomi ng and  s outhwe s tern Nebraska ( F i gure 1 5 - 1 ) . The are a of  the 
b a s i n  is abou t 4 5 , 0 0 0 s quare m i l e s . I t  is an a s yme tr i c a l  s tr u c 
t ural depre s s ion formed d u r i n g  t h e  Lar amide orogeny l a te i n  th e 
Cretaceou s Pe r iod and early i n  the Te r t i ary Pe r iod . The s truc tural 
a x i s  is loca ted near the we s tern f l a nk o f  th e Bas i n ,  s ub-p ar a l le l 
to the Fr ont Range o f  the Ce ntral Ro cky Mo u n ta i n s  ( F i g u r e  1 5- 2 ) . 
Wa ttenburg F i e l d , a b ig gas and condensate pro d uc e r  from th e Lowe r 
Cr etaceou s J-S S ,  i s  a s tr a t ig raph i c  trap i n  the deep part o f  the 
Ba s in a s tr ide the s tr u c t ur a l  a x i s  be twe e n  Gre e l e y  and Denve r . Are a 
A s ur round i ng Wa ttenburg h as the greate s t  t igh t r e s e rvo i r  po te n t i a l  
for g a s  i n  the Denve r  Ba s i n . 

In ad d i t ion to th e Fron t Rang e ,  other boun d i n g  upl i f t s  for 
the De nve r Ba s in , l i s ted c lockwi se from the Front Ra ng e , a r e  the 
Lar ami e  Range ( nor thwe s t ) , Har tv i l l e  Upl i f t  ( no r t h ) ,  Chadron Arc h  
and Cambr id ge Ar ch ( northeas t ) ,  Yuma Upl i f t  ( e a s t ) ,  Lo s An ima s Ar ch 
( southeas t ) , Api sh ap a  Upl i f t  ( s outh ) ,  and We t Mo un t a i n s  Upl i f t  
( sou thwe s t ) . 

Sur face rock s  are d om i nan tly La te Cretaceo u s and Ce no z o ic i n  
age . Th e Denver Ba s in i s  un ique among Ro c ky Moun ta i n  bas i n s  i n  
tha t a larg e  area acros s the s truc tur al ax i s  h a s  been deeply d i s 
sec ted i n to Uppe r Cre taceous ro ck s , par t i c u l ar l y  thro ugh th e 
hotte s t ,  d eepe s t  central part of the Ba s i n  from De nver to near the 
Wyomi ng l in e . I t  i s  i n  th i s  anomalous area o f  h i gh h e a t  f l ow tha t 
Wa ttenburg F i eld and mo s t  of the rema i n i ng Cretaceo u s  t ig h t
reservo i r  gas prospe c t s  are s i t uated . Sur face cove r in almo s t  a l l  
o f  the Wyomi ng- a nd Ne braska-parts o f  the Ba s i n , a s  we l l  a s  i n  some 
of the southe rn one-th i rd i n  Co l orad o , i s  compr i s ed o f  sed ime n ta ry 
rock and sed ime nt represent i ng the va r i o u s  Te r t i ary a nd Qu a ternary 
stage s . 

The s ubsurface s trat igraph i c  s e c t ion i nc l ud e s  a l l  geolo g i c a l  
sys tems ex cept the S i lu r ian . Th e ma x imum t h i cknes s o f  sed ime ntary 
rock exceeds 1 2 , 0 0 0  fee t ,  the s e c t ion be i ng dominated by th e Cre t a 
c eou s ,  Pe rm i an and Pe nnsyl van i an Sy s tems . 

F i g ur e  1 5-1 . Ro cky Mou n ta i n  reg i on map show i ng l o c a t ion o f  De nver 
Bas in and Wa t tenberg are a . 
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F i g u r e  1 5- 2 . De nv e r  Ba s i n  struc ture on Lowe r C r e t a c eo u s , a nd ou t
l i nes  of pro s pe c t i ve t i gh t re servo i r  ga s -bear i ng area s A and B .  

F i g ur e  1 5- 3 .  Wa t te nberg F i e l d  ou t l i ne o f  J S S  pro d u c i ng a re a , and 
g eneral i z ed co l umn ar sect ion . 

F i g u r e  1 5- 4 . Th e rma l h i s to ry- -d eep De nve r  Ba s i n , Wa tte nberg area ; 
l a te s t Cre taceous thr o ugh Cen o zo i c . 

F ig ur e  1 5- 5 .  Ro cky Moun ta i n  reg ion genera l i z e d  the rma l trend s . 

F i gure 1 5- 6 .  Tot a l  J S S  i s opach s - -Wa t te nberg and v i c i n i ty . 

T i g h t  Gas Format ions 

Prospe c t i ve r e s ervo i rs w i th unconve n t i o n a l  g a s  poten t i a l  e v i 
d ently are pre s e n t  only wi th i n  the C r e taceou s Sy s tem i n  the De nver 
Ba s i n  ( Table  1 5 - 1 ) . The Lowe r Cre tace o u s  Al b i a n  J San d s ton e ( S S ) , 
e qu iva l e n t  to the Mud dy S S ,  i s  the mo s t  impo rtant targ e t  forma t ion 
and is  the ma i n  g a s -prod uc ing zone in Wa t te nberg F i e l d  ( Fi gure 
1 5- 3 ) as we l l  a s  in the Ba s i n  general ly . J S S  g a s  i s  ra ted a t  
1 , 1 5 0  B t u/c u . f t .  and i s  o f  the rmal or i g i n .  Ul t i ma te ly , recove r
a bl e  gas from Wa t te nberg is  abou t 1 . 1 to 1 . 3  TCF a nd 3 0  m i l l i o n  
barre l s  o f  conde n s a t e , mos t  o f  wh i ch i s  booked re serve s e x c l ud e d  
f rom t h i s  s t ud y . 

Tab l e  1 5 - 1  

T ig h t  Gas Re servo i r  Targ e t  Forma t ions , Denver Bas i n  

Forma t ion/Li th o l ogy 

1 .  Su s s e x  ( Te rry ) S S .  

2 .  Sh annon ( Hyg i e ne ) S S .  

3 .  Ni obrara Ma r l , Ch alk 

4 .  Code l l  s s .  

5 .  Gr eenhorn Ls . ,  Ch alk 

6 .  D ss . ( Da ko t a ) 

7 .  J S S .  ( Muddy ) 

8 .  Fa l l  Ri ver S l s t .  
( Pl a inv i ew ) 

9 .  Lakot a - Ly t l e  s s .  

Age 

L . K .  

L . K .  

L . K .  

L . K .  

L . K .  

L . K .  

E . K .  

E .  K .  

E .  K .  

La te Cretaceous - L . K .  
Ear ly Cre taceou s - E . K . 

Dom inant Trap Type 

Stra t ig r aph i c  

S t ra t ig raph i c  

Struc t ur al 

S t rat ig raph i c  

Fr actures  

Strat i g raph i c  

S t r a t i g raph i c  

S t ra t ig raph i c  

Struct ur a l  

1 5- 4  

Poten t i a l  

Ve ry L i m i ted 

Limi ted 

Lo c a l ly Good 

Ve ry Limi ted 

Ve ry Limi ted 

Mi nor 

Ma in Pr od ucer 

Ve ry L i m i ted 

L im i te d  
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Several  o th e r  forma t ion s ( F i g ur e  1 5 - 3 ) are cons i d e r e d  pro s 
pect ive for l ow-g rad e , unconve nt ional g a s  a c c umu l a t ions o f  thermal 
der i va t io n ,  e . g . , D S S ,  Shanno n  ( Hyg i en e ) ,  S u s s e x ( Te r r y ) ,  Gree n
horn ; h oweve r ,  the i r  comb i ned po te n t i a l is c on s i d ered to be l e s s  
than t h a t  o f  t h e  J S S . Owi ng to the i r  l im i te d  po ten t ia l , they are 
not t r e a ted i n  d e ta i l  i n  th i s  repo r t . 

Th e Uppe r Cretaceous N i obrara Forma t ion and , i n  par t i c u l ar , 
th e N iobrara c h a lk , i s  ranked a poor s e co nd to th e J S S  for eco
nom i cal t igh t r e s ervo i r  gas  produc t ion . Th i s  po te n t i a l  ma i n ly i s  
re s tr i c ted to the e a s tern marg in o f  th e Ba s i n . Prod uc i b l e N iobrara 
gas is i n terpre ted to be commi ng led therma l and b iog e n i c  gas by 
many geochem i s t s , based on its compo s i t ion and me thane s t ab l e 
c arbon- i so tope range . Mo s t  o f  the N i obrara g a s  i s  s truc tur a l ly 
trappe d ; of f -struc t ur e  we l l s us ual ly encounte r  wa te r . 

EXPLORAT I ON POTENT IAL FOR NATURAL GAS 

As i n  any prod u c t ive bas in , the De nve r Ba s i n ' s  t ig h t g a s  reser
vo i r  po ten t i a l  is  c l ose ly re la ted to th e are a l  and s trat i g r aph i c  
( vo l ume tr ic ) d i s tr ib u t ion o f  e f fe c t ive source bed s . Th e ge nera t i ng 
capa b i l i ty and e xp u l� ion per formance o f  s o urce be ds a l so are 
e x t reme ly importan t . Th ese funct ions are , in turn , r e l a ted to the 
type , quan t i ty , q ua l i ty of s o urce ro cks and the i r  con t a i ned organ i c  
ma t t e r , the i r  f l u id -pre s s ur e  seal s and the i r  pr e s s ur i z i ng capab i l 
i ty ,  ava i lab i l i ty o f  c arr i e r  bed s , and s t r u c t ur a l  re l a t i o ns h ip s . 

The t ime o f  e xp u l s ion i s  a l so i mportan t ,  be i ng re lated to 
bur i a l  h i s tory and thus to thermal h i s tory . For t unate l y , the 
thermal h i s tory i n  the deep Cre taceous s o urce ro cks wa s s a t i s 
f a c tory l ocal ly for g a s  g e nerat ion and expl u s ion , ow i ng to h ig h  
h e a t  f l ow in par t o f  t h e  Bas i n .  

In ad d i t ion to s ource ro cks and a carr i e r  s y s t em , a n umber of 
o th e r  f a c tors are e s s e n t i a l  for occurrences o f  c omme rc i al natural 
gas . Re servo i rs and traps are needed for s tor age o f  ga s .  Carr i e r  
bed s mu s t  b e  e f fe c t ive ly s e a l ed to transpo r t  g a s  from g e ne r a t ion 
s i te s  to en trapme n t  s i te s  and reservo ir s  mu s t  be e f fe c t i ve ly sealed 
to pr e s e rve ga s .  Pr e se rva t ion through t ime from accumu l a t ion to 
pro d u c t ion i s  v i t a l , and i s  e spec i al ly d i f f i c ul t  to a c h i e ve for ga s 
o ve r  l ong per iods of t ime . Ow i ng to the sma l l  s i z e o f  g a s  mol e 
c u le s , the i r  mob i l i ty ,  and t h e  r e l a t i ve eas e w i th wh i ch the y  c a n  
m ig r a te through f r a c t ur e s  and eve n through the s ubcap i l l ary pores 
o f  the arg i l l aceous ro ck sea l s , gas has  a h i gh e scape r a te in a 
s e t t i ng s uch a s  the De nve r  Ba s i n  wh ere only a rg i l laceo u s  s e a l s  
oc c u r . ( Gas i s  much more e f fe c t i ve ly pre s e r ve d  under e va por i te or 
perma fros t-g a s  hyd rate sea l s ; ne i th e r  of these type s of sea l s  i s  
pre s e n t  i n  th e Cre taceous o f  the De nve r Ba s i n . )  Consequen t ly , 
t im i ng of e n tr apme nt can be a de c i s ive f a c tor i n  pre s e rva t ion ; 
e ntrapme nt d u r i ng l a te Ce nozo ic t ime i s  d e s i r ab l e  for a rel a t i ve ly 
h i g h  degree o f  pre serva t io n . 

Und e r  any c ir c ums tance s ,  t im i ng o f  a l l  e s se n t i a l s  for o i l  and 
g a s  ac c umu l a t ions is impo rtant in tha t  s e a l ed car r i e r s , s e a led res
ervo ir s , and traps must be ava i lable at the t ime s of e xp l u s ion and 
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migra t ion i n  order to transpo r t  and reta i n  o i l  and g a s .  Be cause of 
the innate d i f f i c u l t i e s  w i th preserva t ion of ga s , th e be s t  pro s 
pects for s urvival  of natural  g a s  accumu l a t ions o c c u r  where expul 
s ion has  been a comparat i ve ly recent geolo g i ca l  e ven t ;  tha t  i s , 
w i th in the l a s t  1 0  m i l l ion ye ars or so . 

In the Wa ttenberg area and area A g e ne r a l ly ( F i g u r e  1 5- 2 ) ,  
source ro ck s , reservo i r s  and s e a l s  were depos i ted and l i th i f i e d  
long before t h e  De nve r  Ba s i n  fo rmed . Ma ny o f  t h e  trap s  pred a te the 
Bas i n  or evol ved con curre n t ly w i th ba s i n-forming tec ton i sm .  How
eve r , pe ak g a s  generat ion and expul s ion req u i red the h igh temper
atures a s so c i a ted w i th bo th deep bur i a l  ( tha t ens ued a s  a res u l t  of 
bas in-forma t ion ) a nd the m i d -Te r t i ary therma l eve n t . Co nseque n tly , 
t iming wa s q u i te f avorab l e . Fur the rmor e , the e xpos ure t ime a t  the 
h igh temperatures neces sary for the ma in ph ase o f  therma l g a s  
genera t ion wa s s u f f i c i e n t  to d e l ay e xp u l s ion i n  th e Denve r  Ba s i n  
until  l a te i n  the Cenoz o i c  Er a .  He nce , the  De nve r  Ba s i n  be c ame a 
s i gn i f i c an t hab i ta t  for natural gas recen t ly eno ugh to min imi z e  the 
prob lem of pre serva t ion . 

As d e s c r ibed i n  the Ca rbon i z a tion Le v e l s  se c t ion , a nother 
fac tor may be i nvolved i n  gas  preserva t ion i n  unconve n t ion a l  t i ght 
g as reservo irs such as o c c urred i n  the De nve r  Ba s i n ; the po ten t i a l  
of Wa ttenberg and s im i lar ac c umu l a t ion s  may res u l t  from t h e  i n
ternal seal i ng capab i l i ty o f  the t ig h t  reservo i r s , a s  we l l  a s  the 
qua l i ty of the overseal  and the you th f ul ne s s  of the gas i tse l f . 

Gas Source Rocks 

The thermal ly generated gas trapped i n  th e Lowe r Cre taceous J 
S S  reservo i r s  of Area A ( Wa t te nberg F i e l d  and s ur round i ng s ) i s  be
l ieved to be pr inc ipal ly from four s o urce ro ck u n i t s  ( F i g ure 1 5 - 3 ) .  
Th ese sources are the Lowe r Cre taceou s Sk ul l Creek ( Ki owa ) Sh a l e  
and the arg i l l aceous par t s  o f  t h e  J S S  i n terva l , a s  we l l  a s  th e 
th in Lowe r Cr e taceou s Mowry Sh a l e , wh ich re s t s  d i re c tly o n  the J 
S S ,  and the over l y i n g  Uppe r Cre tace ou s Hunt sma n Sha l e .  

Arg i l laceous and coa ly depos i t s of s h a l l ow mar i ne and coa s t a l  
o r ig i n  cons t i tuted the e f fe c t ive gas  source rock s . Hyd roc arbon g a s  
i s  pos t u la ted to h ave been der ived from the s e  s o u r c e s  d u r ing 
s everal ove r lapp i ng g e ne t i c s tag e s : ( 1 ) i n i t i a l ly , o i l -g e ne r a t i ng 
Ki owa , Mowry , and Hunt sman shale s generated and e xpel led some ga s 
a long w i th o i l  dur ing the ma in phase of o i l -g e ne r a t ion a t  abou t 8 3  
wt . pe rcentage carbo n ( th i s  ear ly o i l  and gas e xp u l s ion accoun t s  
for mos t  of the a s so c i a ted g a s  tha t h a s  been d i s c ove red i n  the 
bas i n ) ;  ( 2 ) much o f  th e J reservo i r-o i l  reta ined i n  th i s  dee p , ho t 
area wa s then the rma l ly c racked to g a s  and g a s  cond e n s a te ; ( 3 )  c on
curren t ly , much o f  the une xpe l l ed o i l  tha t r e ma i ned i n  the Hun t s 
man , Mowry , and K i owa o i l -source-rock s a f t e r  o i l  expul s ion had 
stopped wa s a l so the rmal ly cra cked to gas  and gas conde n s a t e . Some 
o f  th i s  f l u id then wa s expel led , a long w i th ( 4 ) muc h  o f  the g a s  
generated in both the former o i l  s o urce ro cks from Type I I  organ i c  
ma tte r , a nd i n  the gas-generat ing arg i l l a ceous i n terva ls o f  the J 
( Type I I I  organ i c  ma t te r ) ,  as  th ey a t t a i ned the ma i n  pha s e  o f  
therma l gas  g e ner a t ion a t  abou t 8 8  to 9 0  wt . pe r c e n t  C .  Th e 
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overl app i ng of the s e  s t ag e s  res u l ted a s  the  generat ion-e xp u l s ion 
f ro n t  fo r o i l  ( w i th some a s s o c i a ted g a s ) moved u p-d i p  and up
s e c t ion ; con c urren t ly , the rma l cra c k i ng and the rma l g a s  gene ra t ion 
a nd expul s io n  oc curred down-d i p  and d own-s e c t i o n . Howe ver , these 
fronts a l so e xpanded upward and ou tward t hr o ugh the s o ur c e  ro ck s 
u n t i l  the pro c e s s e s  term i na ted as a re s u l t o f  c oo l i ng . In any 
un i t-vo l ume of source ro ck , the ma i n  pha s e  o f  gas genera t io n  
o ccurred l ong a f te r  o i l  generat ion-e xpul s ion . 

Th e rmal c rack i ng of o i l to ga s ,  a nd the ma in ph a s e  o f  thermal 
g a s  generat ion , were con f i ned to dee p , hot  par t s  of the b a s i n .  
Be c a u s e  gas  g e ne r a t ion req u i r e s  a cons i d erably h igh er i nput of 
the rmal energy , and a h i gher carbon i za t ion s t a g e , than e i ther o i l  
g ene r a t ion o r  therma l crack i ng o f  o i l  to ga s ,  o nly a sma l l  area o f  
t h e  De nver Bas i n , a n d  there fore on ly a sma l l  vo l ume o f  Cre taceous 
source rock , has a t ta i ned peak gas g e n e r a t ion and g a s-e xp u l s ion 
cond i t ions . The s e  cond i t ions e v i de n t l y  we re s a t i s f ie d  pr imar i ly ,  
o r  pe rhaps e x c l u s ively , i n  the ge ne ral Wa tte nberg area . Ef fe c t ive 
o i l  s o urce rocks cove r a cons iderab l y  larger are a ; much of the a s 
s o c i a ted ga s i n  the Ba s i n  probably wa s e x p e l l e d  w i th o i l  i n  the 
f i rs t ma j or f l u i d -e xp u l s ion s t age b u t  th i s  gas i s  n ow w id e ly d i s 
persed , hav i ng m i g r ated w i th the o i l . It i s  found only i n  con
ven t ion a l  reservo i rs along o i l -m i g ra t i ng pa th s ,  whereas  the g a s  
g enerated l a te r  i s  ma inly in t ig h t  reservo i r s  w i th i n  t h e  so urce 
ro ck s equence where it  wa s gene rate d . 

The local i zed h i gh concentra t ions o f  gas  i n  the pro s pe c t i ve 
a r e a s  c entered around the Wa ttenberg F i e l d  are a t tr i b u tabl e  to 
unus u al l y  h i gh s ubs urface tempe rat ure s a t  any g i ve n b u r i a l  d epth i n  
c ompar i son t o  the rema inder of t h e  Ba s in . Ge otherma l g rad i en t s  as 
h i gh a s  3 0 ° F/ l , O O O  fee t o f  bur i a l  ( F i g ure 1 5- 4 ) at  4 8 ° F  me an amb i 
e n t  s ur f ace tempera t ur e  have been d e termi ned from care f u l  equ i l i 
br i um temperat ure meas urements i n  and around Wa t tenberg ( Are a A ,  
F i g u r e  1 5- 2 ) . A grad i e nt o f  2 6 ° F/ l , O O O  f e e t  i s  commo npl ace i n  th a t  
are a . The s e  grad i e n t s  a r e  cons iderab ly above " norma l " ,  usual ly 
cons id e red to be abou t l 6 ° F/ l , O O O  f ee t .  Th us , Area A r ema ins  
re l a t i ve ly hot d e sp i te s ubstan t i a l  coo l i n g  s i nce the e nd o f  Miocene 
t ime . F i g u r e  1 5- 4  i s  an in terpr e t a t ion o f  th i s  coo l i ng ,  f o l l ow i ng 
the m i d -Te r t i a ry the rma l even t .  The c oo l i ng h a s  a f fe c ted the 
e nt ire s trat i g r aph i c  sect ion i n c l ud i ng the J S S  i n  the Lowe r 
Cre taceou s ( LK o n  F i g ur e  1 5- 4 ) .  

H i gh temperatures e v iden t ly preva i l e d  for m i l l i o n s  o f  year s 
d u r i ng the Te r t i ary , par t i c u l arly d u r ing the La te Ol i g oc e ne and 
M i ocene , b e fore the Ba s i n  wa s cooled . Th e h e a t  so u r c e  i s  a t t r i 
bu ted to a " ho t -spo t "  as soc i a te d  wi th i n tens i ve igneous a n d  vo l 
c an i c  a c t iv i ty ,  h yd rotherm.a l  act iv i ty and m i ne r a l i z a t ion over the 
nor theas tern e x tens ion of th e Co lorad o  M i n e r a l  be l t  ( F i gure 1 5 - 5 ) ,  
where more than 9 0  percent of Colorad o ' s  me tal l i c m i ne r a l  we a l th 
repor ted ly i s  concentrated . Th e Mineral  be l t  i s  e s s e n t i al ly con
g ru e n t  w i th the Tr ansc ont inental Ar ch acros s Co lorad o . Th e thermal 
e nergy from th i s  m i neral i zed trend wa s s u f f i c i en t ly h i gh to en abl e 
g a s  to be ge nerated and expe l led in and near Wa ttenberg F i e l d . 
Qu i te pos s ibly , cond i t ions were not f avor a b l e  for g a s  generat ion 
a nd expul s ion ( o ther than in a s so c i a t ion w i th o i l ) in any o ther 
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part of the Bas i n . Bec ause con trol i s  s parse and e s s e n t i a l  d a t a  
are somewha t  ske tchy f o r  Ar ea B i n southern Wyomi ng ( F i g u r e  1 5- 2 ) , 
the pos s i b i l i ty o f  gas e xp u l s ion i n  tha t deep area i s  no t pr e 
c l ud ed . However , i t  appe ars r a ther un l i ke ly owi ng t o  somewha t  
l ower thermal grad i en t s  than i n  Are a A .  For th i s  r e a so n ,  the 
pote n t i al for n a tural gas in  southeastern Wyomi ng ( Ar ea B )  i s  
cons id ered to be spe c u l a t i ve i n  th i s  st udy . 

Carbon i z a t ion Leve l s  and Organ i c  Carbon Conte n t  o f  Organ i c  Ma tter 

A s i z e ab l e  area e x tend ing from near Denve r nor theas tward to th e 
v i c i n i ty o f  Gr ee l ey , e nc omp a s s i ng Wa ttenberg F i e l d  ( e s s en t i a l ly 
Are a A ) , i s  i n terpre ted to be a t  or pa s t  the pe a k  genera t io n 
e xpul s ion s tage f o r  therma l g a s . El eme ntal ana l y s e s  o f  source rock 
cutt ings and core s ampl e s  ind i c a te that typ i c a l  c a rbon pe rcentage s 
in kerogens are i n  the range of 8 8  to 9 2  wt . pe r c e n t  c arbon . Th e s e  
va l ue s  apply t o  arg i l l ace ous ro cks w i th i n  th e J i n terval a nd i n  
contact wi th the J ( F i g u r e  1 5- 3 ) .  Mi croscop i c  v i s u a l  analy s e s  and 
extrac t ma t ur i ty d e te rminat ions from gas chroma togr ams s uppo r t  th e 
e leme ntal analy s e s . Th e r e fo re , ava i l ab l e  geochem i cal  d a ta i nd i c a te 
tha t  the ma in therma l gas  so urce i s  con f ined to olde r Cre tace o u s  
rock s i n  Wa ttenberg F i e l d  and v i c i n i ty .  El s ewher e , g a s  i n  J SS 
reservo i rs re s u l ted from thernal crack i ng o f  o i l and e xp u l s ion of 
gas wi th o i l . 

Organ i c  carbon conte n t s  for the e f fe c t ive g a s  source rock 
shales are : 

Hunt sman -Mowry Range 1 . 0 to 3 . 6 wt . percen t ;  Average 
2 . 1 wt . pe rcent 

J Sha l e  Range 0 . 9 to 5 . 6 wt . percen t ;  Average 
2 . 0 wt . percent 

Sku l l  Cre e k - Ki owa Range 0 . 8  to 2 . 5 wt . percen t ;  Average 
1 . 4  wt . percent 

Al low i ng for los s re s u l t ing f rom produc t generat ion , these 
averages should be ad j u s te d  upward 1 0  pe rcent t o  2 0  pe rcent for the 
quan t i t ie s  in i t i a l ly pr esent . Orga n i c  carbon d a ta are from Cl ayton 
& Swe t land , 1 9 7 7 ,  and from Amoc o  Pro d uc t io n  Company f i le s . 

Pre serva t ion o f  T i g h t -Re se rvo i r  Ga s 

Th e Wa ttenberg area J S S  g a s  depo s i t s seem to have had a h ig h  
degree of pro te c t ion aga i n s t  e s cape . Cal c u l a t ions o f  e s t ima ted 
i n-pl ace reservo i r  gas ve rsus  generated and expe l l ed ( source  rock ) 
gas s ugge s t  tha t 2 0 %  or more o f  the e xpe l l ed gas  i s  s t i l l  pre s en t  
i n  the t ig h t  reservo irs . Th i s  pe rcen tage i s  cons i d er ably h ig h e r  
than t h e  pe rcen tage general ly ass i gnable t o  gas  prese rved i n  co n
vent ional ga s-bear i ng reservo i r s  of s imi l ar age and h i s to ry and 
w i th s im i lar sea l s . In Wa t te nberg , a much greater pe rcentage los s 
cou l d  have been an t i c ipa ted because the h igh temperatures for the 
depth o f  bur i a l  should h a ve e xped i ted e scape . 

Were i t  not for the coo l i ng of th e Ba s i n , the h i g h  conce n t r a 
t ion of g a s  cou l d  b e  a t t r ibu ted t o  ge olog i ca l ly r e c e n t  g e n e r a t ion 
ra ther than to pre serva t ion . But the coo l i ng h a s  be e n  ad equa te to 
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s uspe nd g e ne r a t ion and contr ibu ted to the d e c l i ne o f  r e s e rvo i r  
pres s ur e s  b e l ow h yd r o -pres s ured l e ve l s . The arrested generat ion i s  
b e l i eved to h ave pe rs i s ted for the l a s t  several m i l l i on years , 
ample t ime for much greater l o s s  to h ave oc c u rr e d . The amount and 
d u r a t ion of c oo l i ng s eems to be comparable to coo l i ng i n  other 
Ro cky Mo unta i n  Ba s i ns w i th poore r  pre serva t io n . The l ow f l u i d  
p re s s ur e  o f  the reservo ir does not seem t o  accou n t  for the h ig h  
l e ve l  o f  pre s er va t ion because more conve n t ional  gas  re servo ir s  i n  
o th e r  ba s i ns ev i d e ntly s u s t a i ned a n  appr e c i ab ly g rea ter l o s s  o f  
g a s , c ommon l y  wh i l e  becomi ng more anomal ou s ly unde rpre ss ure d . 
Qu i te l ikely , Wa t te nberg wou l d  be cons id e r ab ly more underpress ured , 
h ad the l o s s  o f  gas  been greate r .  

The s e  con s iderat ions s ug g e s t  tha t pre serva t io n  o f  gas  i s  
e nhanced by e n trapme nt i n  shale-l i ke , l ow-po ro s i ty and l ow-perme 
ab i l i ty r e s e rvo ir s  ( Wa t te nbe rg aver age s 0 . 0 0 5 5 m d ) w i th por e 
throa t s  s u f f i c iently sma l l  to i nh i b i t  pa s s a g e  o f  g a s  mo l e c u l e s . In 
e f fe c t , th i s  type of t i gh t unconve n t ion a l  gas  re servo i r  may per fo rm 
more l i ke myr i ad s  of m i c rot raps ra the r than as a s i ng le , l eaky trap 
s uch a s  character i ze s  mos t  convent ion a l  ga s -be a r i ng s an d s tones w ith 
s im i lar seal s . In tha t  par t  of Ar ea A s ur round i ng Wa ttenberg 
F i e l d , the average i n  s i t u  pe rmeab i l i ty for gas  i s  e ve n  l ower than 
in Wa t tenberg . Be low abou t 1 . 0 md , the rock s beg i n  to acq u i r e  
s h a l e -l i ke prope r t i e s  i n  te rms o f  por e -throa t d ime ns ions a n d  f l u id 
t ransm i s s ib i l i ty .  

Th e ove r- s eal doe s no t seem to be a s  d e c i s ive a fac tor i n  pre
serva t ion w i th in unconve n t ional reservo i rs a s  it is w i th conve n 
t ional reservo ir s . Ra ther , i t  i s  t h e  i n tr i n s i c  s e a l i ng prope r t i e s  
of the e n t ire reservo i r body tha t  appear t o  be d e c i s i ve . Henc e , the 
r ate of e sc ape of g a s  from unconve nt i o nal reservo i r s  may b e  s ig n i 
f i can t l y  l ower than the rate from conve n t ional  re servo ir s , a l l  
o th e r  fac tors be i ng s im i lar . If so , th i s  g re a te r  capab i l i ty for 
pre s e r va t ion may he lp account for long -te rm pro d uc ib i l i ty ,  a l th o ugh 
at compara t iv e ly l ow r a te s . 

Publ i shed E s t imate s o f  Denve r Bas in Ga s Re source s 

Be ebe , 1 9 6 8 ,  e s t ima ted tha t  the vo l ume o f  r e cove rab le g a s  
ac c umula ted thro ughout t h e  � nve r Ba s i n i n  Cre taceou s D S S  a n d  J S S  
r e s e rvo i rs wa s about 7 7 5 b i l l ion t o  8 0 0 b i l l i on s tand a rd c ub i c  
fee t ,  ma i n l y  d i s so l ved or a s soc i ated . 

Vo lk , 1 9 7 1 ,  e s t ima ted probab l e  and pos s i b l e  fut ure d i s cove r ies  
of  g a s  a t  6 6 0 b i l l i on S C F  in  the  e n t i r e  C r e t a c eo u s  s e c t ion o f  the  
De nver Bas i n .  As  of  6 8 -1 2 - 3 1 ,  he e s t ima ted c um u l at i ve prod u c t ion 
a t  5 4 0  b i l l ion S C F , a nd rema i n i ng recove rab l e  r e serve s o f  8 0 0 
b i l l io n  SCF . There for e , Vo l k ' s  total e s t ima te wa s 2 tr i l l io n  SCF , 
e x c l u s ive of an ad d i t ional spe c u l a t ive vo l ume e s t ima ted a t  6 0 0 BCF 
that inc l ud e d  prospe c t s  i n  th e Ra to n Ba s i n o f  s o u t h -cen tra l 
Co lorado and on the Lo s An ima s Arch . 

Th e foreg o i ng e s t ima te s o f  Be ebe and Vo lk probably r e f e rred 
on ly to conve n t ion a l  gas re source s ;  as  s uc h , th ey were unus ual l y  
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real i s t ic . Mo s t  e s t ima te s o f  recove rab le d ome s t i c  g a s  i n  conven
t ional reservo i rs we re und uly opt imi s t i c d ur i n g  that per iod . A 
1 9 7 8  e s t ima te of prove n and probab le ul t ima te g a s  recovery from 2 5 5 
f ields wa s 1 , 6 6 6  BCF , e x c l u s i ve o f  Wa t te nbe r g , wh i ch i s  compara b l e  
to Vo lk ' s  ear l ier e s t ima te . 

�velop ing these resources and the Ba s i n ' s  o i l  f ie l d s  h a s  
req u i red an enormous e f for t .  Stou t ,  1 9 7 5 ,  r e por ted t h a t  2 1 , 3 7 1  
we l l s  had been d r i l led through September , 1 9 7 2 ,  based on Pe tro l e um 
In forma t ion s tat i s t i c s . Of thes e ,  1 2 , 2 3 8  wer e  e xploratory te s t s  
( e xtens ions , new-pool w i l d c a t s , a nd new-f i e l d  w i l d c a t s ) that  
res u l ted i n  1 , 4 5 7  d i s cove r i e s  i nc l ud i ng 1 , 2 6 5  o i l and 1 9 2  g a s , not  
a l l  of wh ich we re comme rc i al . On ly 5 6 . 2 8  p e r c e n t  o f  d i s cove r i e s  
were developed i n to 8 2 0  f ie l d s ; 1 1 . 9  pe rcent o f  a l l  e xplora to ry 
we l l s  found o i l  and/o r ga s ,  b u t  the pe rcentage of g a s  d i scove r i e s  
wa s only 1 . 5 6 percen t ,  even tho ugh the d a ta i nc l ud e  t h e  e ar ly 
e xpl ora t ion around Wa ttenberg . 

Th e s u c e s s  r a t i o  for new-f i e l d  w i l d c a t s , a nd the reserve s 
d i scovered pe r s uc ce s s f u l  w i ld ca t ,  dr i l le d  for n a t u r a l  gas  h ad 
improved dur ing the 1 9 7 0 ' s ,  a s  compared to the pr ev i o u s  d e c ad e , 
as shown by the fol l ow i ng s ta t i s t i c s : 

1 9 6 0 - 1 9 6 9  3 3 6  w i ldca t s , 6 . 5  percen t ( 2 2 )  Succe s sf u l ;  2 . 6  
BCF/s uc ce s s , 5 7 . 6 BCF 

1 9 7 0 -1 9 7 7  8 7 7  w i l d c a t s , 8 . 3 pe rcent ( 7 3 )  Suc ce s s f u l ; 1 8 . 6  
B C F/s ucces s ,  1 , 3 5 7 . 8  B C F  

1 9 6 0 - 1 9 7 7  1 , 2 1 3  w i ldcat s , 7 . 8 pe rcen t ( 9 5 )  Succe s s f u l ; 1 4 . 9  
BCF/s uc ce s s , 1 , 4 1 5 . 5 B C F  

More recent d a ta f o r  ye ars 1 9 7 5/1 9 7 7  ( Lew i n  s t udy ) revealed 
tha t 8 2 6  wel ls wer e  prod uc i n g  4 8  BC F G  an nual ly from t i gh t r e se r 
voirs . By c ompar i so n ,  pr ior d a ta f o r  1 9 7 4/ 1 9 7 5  s how 6 4 0  g a s  we l l s  
prod uc ing 5 1  B C F  annual ly w i th c umulat i ve pro d u c t ion o f  1 1 3 BCF . 
Th us , a 2 7 . 5 perc e n t  d e c l i ne in prod uc i b i l i ty per we l l -year wa s 
reported , from 0 . 0 8 0  BC F/we l l  to 0 . 0 5 8  BC F/we l l .  Al though a trend 
should not be i n f erred f rom t h i s  l im i ted s amp l i ng ,  i t  is reasonab l e  
t o  e xpe c t  a d own-trend as poorer qua l i ty re servo i r s  are p l aced o n  
produc t ion un l e s s  reve r s ed by improved s t imu l a t ion techn ique s . 

The e s t ima te s  from th i s  s t udy are s ub s t an t i a l ly l ower tha n 
those of the Lew i n  s t ud y  o f  1 9 7 8 : Te ch n i c a l  

Lew i n  

NPC 

A . 2 rea , m 1 . 

2 , 5 9 1 *  

1 , 6 0 0 * * 

Gas I n  Place 

1 8 . 5 TC F 

1 3 . 3  TC F 

Te ch n i c al ly 
Re cove rable 

1 3 . 0  TC F 

7 . 9  TC F 

Re cove ry 
Ef f ic i e ncy 

( Pe r ce n tage ) 

7 1  

5 9  

* Probab le , 1 9 6 6  m i . 2 ; a nd pos s i b l e , 6 2 5  m i . 2 ( Su ss e x , 
Niobrar a , and J S S  o n l y ) . 

* * Probable and pos s i bl e ,  1 , 1 0 0  m i . 2 ; Spe c u l at i v e , 5 0 0 m i . 2 
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Es t ima tes of t e ch n i c a l ly recove rab l e  g a s  pe r square m i l e  of 
produ c t ive r e s ervo i r  area are rema rkab ly s im i la r ,  i . e . , 5 . 0 B C F  per 
s quare m i l e in the Lew i n  s tudy and 4 . 9 B CF/m i . 2 i n  th i s  s t udy . 

Th e appa rent d i spar i t i e s  in  the above f ig u r e s  a r e  c ons i d erably 
m i n im i z e d  when d a ta for the Sussex and N iobrara are e l iminate d  from 
the Lew i n  tabu l a t ion . As shown below , the t i gh t reservo i r  gas  
po ten t i a l  o f  th e Sussex  and Niobrara are rated l ow .  Howeve r ,  
i nc l u s ion of d a t a  for these zone s  i n  the above tabu l at ion wou l d  
br ing th e are as and the g a s - i n-place va l ue s  more cl ose ly i n t o  
agreeme n t . 

Rema i n i ng Explora t i on Po ten t i al 

Es t ima tes o f  re cove rab le unconve nt ional g a s  resources  rema i n i ng 
to be d i s covered i n  the f u t ur e , other tha n J S S ,  are l i s ted by 
forma t ion be l ow : 

Forma t ion 

S u s s e x  ( Terry ) 
Sh annon ( Hyg i e ne ) 
N i obrar a *  
Gr eenhorn 
D SS 
Fall Ri ver 
Lakota - Lytl e 

To t a l s  

Probable 

< 0 . 1 TC F 
< 0 . 1  

0 . 1  
< 0 . 1 

0 . 1  
< 0 . 1 
< 0 . 1  
� T C F  

Pos s i b l e  

< 0 . 1  TC F 
0 . 1 
0 . 2  
0 . 1 
0 . 2  

< 0 . 1  
0 . 1  

< 0 . 8  T C F  

Spe c u l a t ive 

0 . 1 TCF 
0 . 2 
0 . 4  
0 . 2 
0 . 3 
0 . 1 
0 . 2  
1 . 5 TCF 

* Of f-s tru c ture accumu l a t ions only ; a n  ad d i t ional 0 . 5  TCF i s  po s
s ible on s t r u c t ur e , and is cons idered a conve n t ional  g a s  resource 
in  th i s  s t udy . 

F ig ur e s  for th e J S S  are d i s cu s s ed i n  d e ta i l  e ls ewhere . One o r  
two o f  t h e  above forma t ions may d o  subs tan t i a l ly b e t te r  than e s t i 
mated ; the over a l l  va l ue s  are cons i d ered r e a l i s t i c , h owe ve r ,  
because only f ive new-pool gas  d i sc ove r i e s  we re reported i n  the 
years 1 9 6 0 - 1 9 7 7  i n  th e 6 . 4 2 7  we l l s  d r i l l e d ; 1 5 0  o f  these we l l s  
repo r ted ly sough t new-pool g a s  d i scove r i e s  for a 3 . 3 pe rcent s uc
c e s s  ra t i o , 4 . 2 B C F  found , 0 . 8 B C F  pe r s uc ce s s f u l  we l l  b u t  on ly 
0 . 0 2 8 B CF per a t temp t .  

EXPLORAT I ON H ISTORY 

The s e cond olde s t  o i l -produc i ng r e g ion in th e Un i te d  States wa s 
e s tab l i shed i n  the Canon C i ty Embayme nt , a s ub s id i ary b a s i n  w i th i n 
the southwe s tern part of the Denve r  Ba s i n  ( F i gure 1 5 - 2 ) , i n  1 8 6 2 ,  
only three years a f te r  the Dr ake d i scove ry i n  Pe nnsyl va n i a . Oi l 
wa s d i scovered near Cano n C i ty northwe s t  o f  Pueblo a t  s h a l l ow 
d epth s . Fr ac t ur ed Uppe r Cretaceo u s  Pi erre s h a l e  wa s the prod uc t ive 
zone . Florenc e F i e l d , d i s covered i n  1 8 7 6 in th e Emb aymen t ,  i s  
s t il l  produc i ng o i l  from f r ac t ur ed Cr e taceo u s  s h a l e . On ly m i nor 
q uant i t i e s  o f  gas h ave been d i scovered in the area b u t  o the r 
prospe c t s  may e x i s t  fo r g a s  produc t ion in the d e ep C r e taceou s . 
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In 1 9 1 9 ,  the f i r s t  De nve r Ba s in gas  f i e l d  wa s d i scove red i n  a 
Yuma Co unty Cre tace ous r e se rvo i r  along the e a s tern mar g i n  near th e 
Ka nsa s-Ne braska l i ne . It wa s 1 9 4 9 ,  howe ve r , b e fore e xpl or a t ion 
flouri shed , fol l ow i ng a Cre taceous o i l  d i s cove ry on a sma l l  
s truc ture i n  we stern Ne braska , j u s t north of the Co lorado l i ne . 
The d e l ay in i n tens i ve s uc ce s s f ul e xplora t ion i s  a t tr i butable to 
the s ub t l e  nature of the pr edom i nan t trapp i ng me chan i sms i n  the 
Ba s i n . Mos t  o i l  and gas ac c umulat ions are in smal l s trat igraph i c  
or comb i n a t ion traps ( u s ua l ly an an t i c l i nal no s e  comb ined w i th a 
pore -throa t bar r ie r ) . The s e  traps were unde f in a b l e  by the n-e x i s t
i ng geolog i cal and geophys i c al techno l ogy . Eve n  w i th abundan t 
s ubsurface we l l  and geophys i c a l  con tro l , the s e  s ub t l e  traps rema i n  
d i f f i cul t to locate . As ou tl i ned in  F i g u r e  1 5- 2 , Cr e taceous o i l  
and gas f i e l d s  are loca ted in and up-d ip from the deep , h o t  s o urce 
rock areas al ong the ax i s  of the Ba s in . Ex cept for the i s o l a ted 
Canon C i ty Embaymen t ,  the s ou thern part of th e Ba s i n  wa s too coo l 
and shal low fo r e f fe c t ive Cretaceou s source rock s .  Th e th i cke s t  
sect ion of pre -Cre taceous sed ime n tary ro cks oc c u r s  i n  th i s  coo l 
sou thern area . 

Other than nume rou s Cretaceo u s  o i l  and g a s  pool s ,  s ig n i f i c a n t  
prod uct ion w i th i n  t h e  d e e p  par t o f  th e Ba s i n i s  conf ined t o  th e 
Pe rm i an Sy s tem , several sma l l  s truc tur al ly contro l led and f a c i e s 
rela ted o i l  f ie l d s  h av i ng been d i sco vered w i th in the Lyon s Sand
s tone . A recent  o i l  d i scovery from the Pe rm i an Wo l f c amp and/o r 
Pennsyl van i a n  Virg i l  h a s  be en reported by an opera tor i n  Ch eyenne 
County , Ne bra ska . A n umber of o i l  and gas a c c umu l a t ions are be ing 
produced from pre - Permian reservo i rs along the e a s tern and south
e a s tern ma rg i ns of the  Ba s i n  and on  the La s An ima s Ar ch . Some o f  
th i s  o i l  and g a s  i s  corre lat ible  t o  De nve r Ba s i n  Penns ylvan i a n  
source rock s . Muc h  of the La s An ima s Ar ch prod u c t ion , h owever , 
corre l a te s  wi th s o urce ro cks i n  th e Anadarko Ba s i n i n  Oklahoma . 

Pr ior to the d i s covery of s pr awl i n g  Wa ttenberg F i e l d  i n  1 9 7 0 ,  
only abou t 1 . 5 TCF o f  re cove rable natural ga s ,  ma inly a s s o c i a ted , 
had been found i n  the Denve r Bas i n .  Wa ttenbe r g ' s  unconve n t i ona l 
t ig h t  re servo i r  reserve s have almo s t  doub led the ul t ima tely recov
erable vo l ume of gas con f i rmed for th e Bas i n . Wa t te nberg and ma ny 
o ther f i e l d s  we re d i scove red pr ima r i l y  as a re s u l t of s ub s ur face 
stra t i graph i c  s t ud ie s . Sp i nd l e , a large s trat i graph i c  o i l and ga s 
accumu l a t ion , wa s d i scovered i n  1 9 7 2 by te s t ing prospe c t ive zone s  
i n  the Uppe r Cre taceous d ur i ng developme n t  dr i l l i ng o f  Wa t tenburg 
F i e ld . 

Charac te r i s t i c s  o f  Traps and Re se rvo i r s  

Tr app i ng me chan i sms for pe troleum and natural g a s  i n  the 
Cre taceous of th e De nve r Ba s i n are of three type s : s trat igraph i c , 
comb i n a t ion and s truc t ur al . Strat ig raph i c  traps are o f  d e po s i 
t ional and d i agene t i c  or i g i n ;  depos i t iona l s trat i graph i c  traps 
i nc l ud e  fac i e s  ( c hange in l i tho logy ) a nd p a l eogeomorph i c , the 
latter ma i n l y  res u l t ing from san d s tone f il l i ng topograph i c a l ly l ow 
s tream- a nd t id al-channe l s  e roded i n to o l d e r  depo s i t s . Fa c i e s  
traps h ave re s u l ted from de l ta i c and coa s t a l  mar i ne s and depo s i t s  
that g rad e l a te r a l ly up-d i p  i n to s i l t s tone and arg i l laceous  rock s , 
ma inly shale s , w i t h  much sma l l e r  pore throat s .  
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In s ome areas o f  th e Ba s i n , so l u t ion and fl owage o f  Pe r m i an 
s al t  d u r i ng the C r e taceou s Pe r i od i n f l u en ced d e po s i t io n . Some o f  
t h e s e  h igh e r  e n e r g y  depo s i t s  l a t e r  d e ve l oped i n to s trat igraph i c  
t rap r e s e rvo i r s . Other s a l t- r e l a ted f e a t u r e s  prov ided s tr u c tural 
traps o r , where c l os ure wa s a bsen t ,  s t r uc t ur a l  noses that  co n 
s t i t uted c omb i n a t ion traps i n  a s so c i a t io n  w i th s u i table r e s e rvo i r  
s and s ton e . Sh a l l ow Niobrara g a s  poo l s  typ i c a l �y formed i n  s a l t 
r e l a ted a n t ic l i na l  s t ruc tures al ong the e a s te r n  ma rg i n .  

A var i e ty o f  d i ag e ne t ic traps r e s u l ted f r om c eme n t a t i o n , c lay 
m i n e r a l  forma t ion and trans forma t ion and s im i l a r  phys ioch emi c a l  
proce s s e s . Th e impo r tance of d i ag e ne t i c e f fe c t s  i n  e n tr apme n t  o f  
o i l  a nd g a s  h a s  bee n  m u c h  more common ly r e cogn i ze d  i n  r e c e n t  years 
w i th the adve n t  o f  s c an n i ng e l e c t ro n  m i c ros c opy , not  only in the 
De nve r  Ba s in b u t  in many o ther pro d u c i n g  pro v i nce s .  

In add i t i o n  to s tr u c t ure s i n d uced by hal ok i ne s i s ,  some gen tl e 
sma l l  fo lds  d eve l oped as a re s ul t  of La ram i d e  tec ton i sm .  St ruc
t ural  ac c umula t io n s  have been the e a s i e s t  to f i nd a nd a l so tend to 
b e  somewha t  l arge r ,  on averag e , than s tr a t i g raph i c  accumu l a t ions . 
Wa t te nb e rg and the over lying Sp i nd l e  poo l  are e x c ept ion s .  For mos t  
t raps i n  the De nver Ba s i n , s tr a t i g raphy i s  the pr i n c ipal  control 
and th i s  is  e xpec ted to hold t r ue for the t i gh t g a s  re servo i r  
a ccumu l a t ions rema i n i ng to be found . 

Ta b l e  1 5- 2  i s  a s umma ry o f  J S S  r e s e rvo i r  proper t ie s  d e term i ned 
from d r i l l i ng i n  and near Wa t tenberg F i e l d ; a s  s uc h ,  the  data may 
r e f l e c t  a b i as re s ul t i ng from the b e t ter-q ua l i ty r e se rvo i r  rock s 
w i th in the con f i ne s o f  the prod u c t ion area ou t l i ne d  o n  F i gure 1 5 - 2 ,  
wheremo s t  of the control we l l s  are located . 

TABLE 1 5 - 2  

J S S  Re s ervo i r  Prope r t i e s , Wa t te nberg F i e l d  and E n v i ronme n t s  

F i e l d  area a s  o f  m i d - 1 9 7 9 : 9 7 8  s quare m i l e s  prod u c t ive 
Ag e :  L . K .  Al b i a n  
Depth Ra ng e : 7 , 3 5 0 - 8 , 5 0 0 f ee t ;  Ave rage 8 , 0 0 0 f e e t  
L i thology : q uar t z  sand s ton e , f i ne t o  ve ry f in e , arg i l l ace o u s  
Type : Uppe r J ,  d e l ta pl a in , mul t i-bench , d i sc o n t i n uo u s , e r r a t i c  

lent i c ular 
Lowe r J,  d e l ta fron t ,  s i ng le-bench b la nke t 

Th i ckne s s :  Gro s s  i n terva l 4 0  to 1 4 0 feet  
Ne t SS  r ange 4 to 5 8  f ee t ; Average 2 7  f e e t 
Upper bench pay 0 to 2 0  fee t th i ck general l y  
Lowe r bench pay 2 0  to 2 5  f e e t  th i ck g e ne r a l ly 

Poros i ty :  Ran g e  7 . 7  t o  1 3 . 9  percen t ;  Average 1 0 . 8 percen t ;  
Co nve n t ional cu to f f  8 percent  

Permeab i l i ty :  Con ve n t ional reservo i r  C ORE S 
Ra nge 0 . 1  to 3 8  md ; Ave rage 5 md . 
Unconve n t ion a l  re servo i r  CORE S 
Range 0 . 0 0 5 to 0 . 1 md ; Ave rage 0 . 0 2 md . 
Unconve n t ional reservo i r  PRE S S URE BUI L D-U P 

a nd TYPE-CURVE ANALYS I S  i n  s i t u  g a s  
Ran g e  0 . 0 0 3  to 0 . 0 3 7  md ; Average 0 . 0 0 5 5  md 
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Wa ter Sa tur a t ion : Co nve nt ional c u to f f  6 0  percent 
Range 2 7  percent to 5 7  percen t ;  Average 4 2  

percent 
Unconve n t ional cutof f 9 9  pe rcent 
Ra ng e 4 0  percent ( ? ) to 99  percen t ;  Average 

5 5  percent 
Re serv o i r  Temperatur e : Rang e 2 2 5 °  to 3 0 0 ° F ; Ave rage 2 6 0 ° F  
Geotherma l Grad i en t : Aver ag e  2 6 ° F/l , O O O  fee t/4 5 ° F  ( s ur face temp . ) 
Re serv o i r  f l u id pre s s ur e  ( BH S I P )  2 , 7 5 0 - 3 , 0 0 0  p s i g ; Average 2 , 9 0 0 

ps i g  ( Re se rvo i r  i s  underpre s s ured , ga s -e xpan s ion dr i ve . ) 

Na tural gas  l iq u i d s : 0 . 0 3 6  Bb l/MCF Condensate ( Separator ) ;  0 . 0 2 9  
Bb l/M CF NGL ( Pl an t ) 

To tal NGL : 0 . 0 6 4 Bb l/M CF Co nd e n s a te grav i ty 6 4 °  AP I .  

Th e var i a t ions i n  th ickness  of the gros s J S S  i nterva l are 
dep i c ted by the i s opa chs o n  F i gure 1 5- 6 .  Much of the  J SS gas i s  
prod u c ed where the gros s i n te rva l i s  re l a t iv e ly th i n  ( < 1 0 0 fee t ) .  
The lent i c ular uppe r J S S  d i re c t ly o ve r l ie s  the b lanke t l owe r J s s . 
Th ere fore , l e n t i c u l ar i ty i s  not cons id ered to be a s e r i o u s  prob lem 
i n  J SS t i gh t ga s -reservo i r  e conomi c s , other than as i t  a f fe c t s  
r eservo i r  pay th i ckne s se s . 

Me thod of Analys i s  

• Us ing ava i l ab le geochem i cal d a ta and e xpo s ure t ime -paleo
temperat ure re l a t ion s , ou t l ine d  Cre t a ceou s -age e f fe c t ive 
therma l ga s source rock area i n  Co lorad o ,  a nd po s s i b ly
e f fe c t i ve s o urce area i n  Wyomi n g  ( e xc l ud i n g  N iobrar a 
b i oge n i c  g a s  source ) .  Re servo i r s  wi th in e f fe c t ive source 
ro ck s equenc e , a s  we l l  a s  those d i re c t ly u p -d i p  and up
se c t ion are cons i d e red to have po te n t i a l  a s  be i ng a l ong 
l i ke ly m i grat ion pa ths for ga s .  

• Ou t l i ned po ten t i al ly prospect i ve ga s -bea r i ng area i n  the 
Cr e taceou s ,  ba sed on s tr a t ig raph i c  and geograph i c  d i str i 
bu t ion o f  t i gh t J S S  reservo i r ro cks w i th i n the broader area 
( I t em 1 a bove ) that encompasses the e f f e c t ive gas source 
bed s  and pos s i b l e  m i grat ion pa th s . The o u t l ined areas wer e 
then checked ag a in s t  the d i str ibu t ion o f  non-a ssoc i a ted 
the rma l gas  poo l s , and a l so loc a t i o n s  o f  re ported gas  show s . 
Be cause of l ack o f  e f fe c t ive o i l  and g a s  source bed s i n  

• 

much of th e Denve r  Ba s i n , on ly two re l a t i ve l y  l im i te d  areas 
appe ar to be prospe c t ive for ga s from t ig h t re s e rvo i r s . 
Are a  B ,  the northern are a , i s  cons idered s pe c u l at i ve be c a u s e  
of t h e  un certa i n t ie s  th a t  ga s e xp ul s ion i n  quan t i ty o c c u rred 
ther e . 

Es t ima ted areal e x te n t  o f  
ava i l ab le we l l -con trol o f  
at i ve ly t i g h t  reservo ir s . 
that tes ted the J S S  o nly 
d uc t i ve we l l  " proved " the 

t i gh t gas reservo i r s , based on 
po rou s and perme ab l e  b u t  r e l 

I t  wa s a s s umed that  a d ry h o l e  
condemned 1 6 0 a c r e s , b u t  a pro
pote n t i a l of a l l  ad j o i n i n g  
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un t e s ted 1 6 0 a c re trac t s , i nc l ud i ng d i agonal o f f se t s . 
Est ima ted capac i ty o f  t i g h t  reservo i r s  for i n-pl ac e  g a s , 
ba sed on ava i l ab l e  ave rage po ros i ty and wa te r s a t u r a t ion 
data , and on l i thofac i e s - i s opachou s map s . 

• Est ima ted i n-place gas  i n  une xplored and und eve l oped t i g h t  
gas-reservo i r s  for e a c h  trap type ( pe rme ab i l i ty c a tegory ) ,  
based on data comp i led from s t ud ie s  o f  product i ve t i gh t 
gas  rese rvo i r s  pr ima r i ly i n  Wa ttenburg F i e l d . 

• Es t ima ted recove rab le ga s and re cove ry r a t e s  for a g iven 
we l l  spac i ng , be fore and a f te r  MH F s t i mu la t io n , e xc l ud i ng 
Wa ttenberg F i el d ' s  booked rese rve s ,  b ased on eng i neer i ng 
rese rvo i r  per formance t e s t s  and mod e l s t ud ie s , a s  we l l  a s  
pe rcentag e s  o f  d ry e xpl ora to ry and deve lopme nt we l l s . 

PRODUC T I ON 

Two fo rma t ions i n  the De nve r ba s i n  are con s i d e red po te n t i a l ly 
prod u c t i ve o f  t ig h t  ga s .  The areas for e a ch o f  the i nd i v i d u a l  
forma t ions and the two comb i n a t ions cons idered a r e  shown i n  Ta ble 
1 5- 3 . Th i s  s t udy trea t s  each forma t ion separ a te ly . A f ul l  s e t  
o f  tab le s i s  pr e s e n ted f o r  e a c h  of t h e  c a se s , a nd the prod uc t ion 
poten t i a l  and e conom i c s  o f  each is  obta i ned by ana l y z i ng the 
appr opr i a te se t .  Th e g a s  po ten t i a l  for the who l e  ba s in a s  a 
f unct ion o f  gas pr ice i s  s ummar i zed i n  Tabl e  1 5 - 4 . 

PRODUCT I V E 
AREA 

(SECT I ONS ) 
1 , 1 00 

500 

1 , 600 

MAX I MUM 

TABLE 1 5-3  

DENVER BAS I N  

MAX I MUM RECOVERAB LE GAS 
AND 

PRODUCT I V E  AREAS 

RECOV ERABLE  
GAS (BCF) BAS I N  

5 , 53 9 Denve r 

2 , 3 7 9  
7 , 91 8  Bas i n  Tot a l  

SU B -BAS I N  FORMAT I UN 

A rea A 
Area  B 

Us ing th e De nve r Are a  A forma t ion a s  a n  e x ampl e ,  the g e o lo g i c a l  
d a ta used i n  both the reservo i r  and explor a t ion s im u l ators are 
shown i n  Tab l e  1 5 - 6 .  The prod uct ion r a t e s  e s t i ma ted w i th th e 
reservo i r  s imul a tor for each pe rme ab i l i ty l ev e l  are shown i n  Ta ble 
1 5- 7 .  The s e  rates are for base case technology w i th a fracture 
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$2 . 50 

0 
0 

0 

BAS E 
$ 5 . 00 

0 
0 

0 

$9 . 00 

1 0 39 
1 27 

1 1 66 

TABLE 1 5-4  

SUMMARY OF  DENVER  BAS I N  GAS  POTENT I AL 

( BC F )  

ADVANCED 
$2 . 50 $5 . 00 $9 . 00 

0 
0 

0 

4 5 1 8  
694 

52 1 2  

5539 
2057 

7596 

FORMAT I ON S UB-BAS I N  

Area A 
Area B 

BAS I N  

Den ver 

B a s i n  Tota l 

h al f - l eng t h  of 1 , 0 0 0 f e e t . Annu a l  ga s pr od u c t io n  i n  m i l l ions of 
cub i c  fee t pe r year pe r we l l  and the c umu l at i ve prod u c t ion over a 
3 0-ye a r  pe r iod are g i ve n .  Th e 3 0-ye ar c umu l a t iv e s  r ang e from 0 . 1 6 
to 2 . 6 B C F  pe r we l l  for the f i ve permeab i l i ty l e ve l s  s t ud i e d . 
Tab l e  1 5- 8  s hows the d a ta fo r the advanced technology c as e  w i th 
f r a c t ur e  h a l f -lengths  o f  up to 4 , 0 0 0  fee t .  

Prod u c t ion rates  for the Denve r A wel l s  w i l l  range from abou t  
6 5  MCF/D to 3 0 0 M C F/ D  for t h e  f i r s t  ye ar w i th base technology , 
d epend i ng on pe rmeab i l i ty level  and net pay th i cknes s .  Wi th longe r  
f r a c t ur e s , d a i l y  prod uc t ion r a t e s  from the be s t  i n terval  s ho u l d  
exceed 7 5 0  MC F/D.  Ra tes w i l l  dec l i ne rap id ly , h oweve r , and b y  th e 
f i f th ye ar even the best  we l l  w i th advanced technology w i l l  be 
prod uc i ng only 3 0 0  MC F/D .  

Tab l e  1 5- 9  shows the n umber o f  wel l s  pe r s e c t ion w i th both base 
a nd ad va n c ed techno l ogy . Wi th base techno l ogy , the number of we l l s  
req u i r ed t o  produce a l l  g a s  ranges from 3 . 6 t o  3 6 . 4 wel l s  p e r  se c
t ion . Howe v e r , w i th base tech nology and thus current we l l  spac i ng 
re s tr i c t ion s , o n l y  four we l l s per s e c t ion are pe rmi tted . The 
e f fe c t  i s  to red u G e  recove rab le g a s  from the ma x imum of 5 , 5 3 9 B C F , 
shown i n  Tabl e  1 5- 6 ,  to on ly 1 , 52 5  BCF . W i t h  ad vanced te c h nology , 
we l l  s pa c i ng cou l d  be va r ied so tha t  more we l l s  c ou l d  be d r i l le d . 
For th e De nve r A ,  th i s  would range from 1 . 3 to 9 . 6 8  wel l s  pe r 
s e c t ion . Wi th ad vanced technology , the f u l l 5 , 5 3 9  B CF c ou l d be 
re covered . 

ECONOM I C S  

Th e bas i c  geol og i c  and produc t ion d a ta for both fo rma t ions we re 
proc e s se d  w i th the f u l l  cyc l e  e xplora t ion and prod u c t ion s imula tor 
d es c r ibed i n  Chapter Fou r . Ea ch of the s e t s  of d a ta wa s eva l u a ted 
separa te ly to d e te rmine the e conom i c s  of f i nd i ng and d e ve l op i ng th e 
g a s  i n  tha t  par t i c u l a r  forma t ion . Th e i nve s tme nt req u i red and 
econom i c s  of gas prod uc t ion va ry s ubs tan t i al ly from one forma t io n  
to anoth e r . 

.. 
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TABLE 1 5 - 5 
E X P L ORAT I ON P E R F O R MAN C E  

126 0 - 1 96� 
A l l N ew New Poo l s  & 

W e l l s  F i e l d s D e e�e r P rod . 
Numb e r  o f  S uc c e s s f u l W i l dca t W e l l s 

T o t a l 300 2 74 26 
G a s  2 7  2 2  5 
O i  1 269 248 21 
O i l a n d  G a s  4 4 0 

Amoun t of Pe t ro l e u m  F ou n d  
To t a  1 ,  HMB O E  , . .,., 7 5  6 5  1 0  
G a s , B C F  6 2  5 8  4 
0 i 1 . MH B b  1 s ,  6 2  5 3  9 

Numb e r  of W i l d ca t W e l l s  
To t a l 3898 3 74 2  1 5 6  
G a s  * 350 336 14 
O i  1 -;, 3497 3357 140 
O i  1 a n d  G a s  51 4 9  2 

Numb e r  of W i  l d ca t � / y e a r 390 374 16 

Pe rcen t W i l dc a t s  S u cce s s fu l 
T o t a l 7 . 7 7.3 16 . 6  
G a s 7.7 6 . 5  35.7 
O i l 7 . 7 7.4 1 5 . 0  
O i  1 a n d  G a s  7.8 8 . 2  -

Amoun t  Found / S ucc e s s fu l  W I l d ca t 
T o t a  1 ,  MMB O E E  0.3 0 . 2 0.4 
G a s , B C F  2.3 2.6 0.8 

0 i 1 ,  MM B b  1 s 0 . 2 0 , 2 0 . 4  

Average D ep t h  o f  W e  11 s ,  M f t .  
56 70 5680 5 6 20 G a s  

O i  I 5 6 20 56 1 0  5 5 90 

- D en v e r  Bas i n  

1 970 - 1977 
A l l  N ew New Poo l s  & 

W e l l s  F i e l d s D ee�e r P rod . 

258 241 17 
73 73 0 

182 165 17 
3 3 0 

450 355 95 
1356 1356 0 

124 66 58 

3140 3108 32 
885 877 8 

2 214 2 1 91 23 
41 40 1 

393 389 4 

8. 2 7.8 53 . 1 
8 . 2  8 . 3  0 
8. 2 7 . 5 73 . 9  
7 . 3  7.5 -

1.7 1 . 5  5.6 
18 . 6  18.6 -

0.7 0 . 4  3.4 

5960 5960 -
6 270 6 230 6 7 20 

196 0 - 1')_77 
A l l N ew New Poo l s  & 

W e l l s F i e l d s D e epe r P rod . 

5 5 8  5 1 5  43 
100 9 5  5 
4 5 1  413 38 

7 7 0 

5 25 4 2 0  105 
1418 1414 4 

186 1 1 9 67 

7038 6850 188 
1 2 3 5  1 2 1 3  2 2  
5 711 5 5 48 163 

9 2  8 9  3 

783 763 20 

7 . 9  7.5 2 2 . 9  
8. 1 7.8 2 2.7 
7.9 7 . 4  23 . 3  
7 . 6  7.9 

0.9 0 . 8  2 . 4  
14 . 2  14 . 9  0 . 8  

0 . 4  0.3 1 . 8  

5880 5890 56 20 
5 880 586 0  6090 

-.·: E s t i ma t ed b y  mu l t i p l y i n g t h e  numb e r  w i l d c a t s  by t he s ame p e r c en t ag e  d i s t r i b u t i on a s  t h e  s u cces s fu l  w l  l dc a t s . 

I n c l u d e s  g a s  i n  s o l u t i on w i th o i l and con d en s a t e  p r od u c ed w i t h  g a s . Conve rs i on 5.8 MCF = 1 b b l o l  I . .... ·:··k 
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SOURCE: Petroleum I nformation Corporation. Updated to January 1980. 
F i g u re 1 5-8. O i l  and Gas Fields Map-Denver Bas i n . 
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TOTAL BAS I N  AREA ( SECT I ONS ) : 4 0 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMCF ) :  2 5 . 

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM .  AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) ( % ) ( FT . ) 

0 . 0 1  55  6 . 5 1 7  

0 . 003 1 1 0 6 . 3  2 2  

0 . 00 1  385 6. I 27 

0 . 0003 38 5 5 . 9  35 

0 . 000 1 1 6 5  5 . 7  45  

1 1 00 

TABLE  1 5-6  

GEOLOG I CAL DATA SUMMARY 

BAS I N :  
SUBBAS I N : 
FORMAT I ON :  

EST l MATED 

Denver 
Area A 
Mud dy J 

GAS I N  PLACE AT 
RESERVO I R  COND . 

( BCF ) 

270 

678  

28 1 8 

3 530 

1 87 9  

9 1 7 5  

MAX . 
RECOVERABLE 

GAS 
( BCF ) 

1 96 

460 

1 787 

2075 

1 02 1 

5 539 

DEPTH ( FT . ) :  8000 
PRESSURE CP S I A ) : 3000 
TEMPERATURE ( ° F ) : 260 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

. 50 . 8  I . 0  

. 60 . 9  I . 0  

. 80 I . 0  

I . 0  1 . 0 

I . 0  I . 0  
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1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R 
C U fr M .  
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TABLE 1 5 - 7  

w E L L P R O D U C T I ON S U M M A R Y- - B A S E  C A S E  

D E N V E R  A 

G A S P R O D U C T I O N  C M MC F / Y E A R / W E L L )  

0 . 0 3 0 . 0 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

1 0 6 7 2  4 9 3 3  

6 2 4 0  2 1  1 8  

4 0  2 4  1 6  1 0  

3 0  1 9  1 1  1 

2 7  1 5  9 6 

2 4  1 4  9 5 

2 1 1 2 1 4 

9 7 7  5 9 2 3 78 2 4 3  

o . o o o 1  o . o o o o 3  o . oo o o 1  C MD )  

2 4  

1 3  

1 

5 

4 

3 

3 

1 6 9  
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Y E A R  
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1 0  

1 5  

2 0  

3 0  

3 0 - Y F A I< 
C v M M . 
P R O D . 

( M M C F ) 

TABLE  1 5-8 

W f l l  P R O D U C T I ON S U M M A R Y -- A D V A N C E D  C A S E  

0 . 0 3 

D E N V f R  A 

G A S  P R O D UC T I O N ( M M C F / Y E A R / W E L L )  

o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

2 7 6  2 3 3 1 7 2  1 2 4  

1 7 9 1 3 8  9 8  6 9  

1 1 8  8 4  5 8  4 0  

8 6 6 2 4 0  2 8  

7 3  5 0  3 4  2 3  

6 5  4 4  3 0  2 0  

5 4  3 7  2 5  1 6 

2 6 5 3  1 9 2 3  1 3 2 0 9 0 7  

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

8 1 

4 8  

2 9  

2 0  

1 6  

1 4  

1 1  

6 3 6  



TABLE  1 5- 9  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Denver 
SUB-BAS I N : Area A 
FORMAT I ON :  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WE L LS/SECT I ON WELLS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS ! MAX=4 l < BCF ) ALL GAS ! MAX= 1 2 l  ( BC F )  

� 
lJl 
I 

. 0 1 3 . 64 3 . 64 1 96 I . 34 I . 34 1 96 
I\.) 

-....) . 003 7 . 06 4 .  26 1 2 .  1 8  2 .  1 8  460 

.00 1 1 2 . 28 4 582 3 . 52 3 . 52 1 787  

. 0003 22 . 1 8  4 .  374 5 . 94 5 . 94 207 5 

. 000 1 36 . 4 1 4 .  1 1 2 9 . 68 9 . 68 1 02 1  

1 52 5  5539 



Con t in u i ng w i th the De nver A e x ampl e ,  the  inve s tme n t  and oper
a t i ng e xpen s e s  u s ed to e va lu a te the De nve r A are s h own i n  Tab l e  
1 5- 1 0 .  Fr ac t ur i ng cos t s  are a f un c t io n  o f  the n e t pay t h i ck n e s s  
a n d  fra c t ure l e n g th a n d  a r e  pre s e n ted a s  range s i n  th i s  t ab l e . Th e 
a ppropr i a te va l u e s  for each case , h owe ve r ,  we r e  c a l c u l ated and used 
i n  the s imula to r . 

TABLE  1 5 - 1 0  

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : 
SUB-BAS I N : 
FORMAT I ON :  

Geo l ogy a n d  Geop hys i cs ( $/Pros pect ) 

D r i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fract u r e ]  

Den ver 
Area A 

Advan ced Case [ 2000/4000 Ft . Fracture ] 

Surface Eq u i pment ( $/We I I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

4 5 , 000 

430 , 000 

92 , 500 
304 , 000 

4 5 , 000 

1 0 , 000 

. 0269 

The o utpu t from the s imulator is shown in two table s : the 
e conom i c  s ummary for the base technology c as e  i s  shown in Tab l e  
1 5 - 1 1 ; ad van c ed technology e conomi c s  a r e  s ummar i z ed i n  Tabl e  1 5 - 1 2 .  
Eva l u a t ions are made a t  d i sc oun t rates  o f  1 0 ,  1 5 ,  and 2 0  p e r c e n t  a t  
seve r a l  g a s  pr i ce s . Each o f  th e 2 4  c a s e s  s hown o n  e a c h  table i s  a 
c omp l e te eva l ua t io n . In other wo rd s , the e n t i r e  ba s i n  i s  d r i l led 
and d e v e l oped a s s um i ng tha t th i s  gas  pr i c e  a nd d i scount f a c tor 
preva i l . In each case the tab le shows the r a te o f  r e t ur n  and the 
net pre s e n t  va l u e  ( po s i t i ve on ly when the r a t e  o f  ret urn e x c e e d s  
the d i scount r a te ) . Wh en t h e  ne t pr e s e n t  v a l u e  i s  not  po s i t ive , 
th i s  s imply mea n s  that none of the gas  w i l l  be r ecoverable  a t  th i s  
pr i c e  and d i scount r a te . In Table 1 5- 1 1 ,  t h i s  o c c u r s  a t  l e s s  than 
$ 7 . 0 0/MC F and at a d i scount rate of 1 0  percen t ,  for e x ampl e .  As 
p r i c e  i n c rea s e s , n e t  pr e s e n t  v a l u e  become po s i t ive and s ome g a s  
become s r e co verabl e .  For e x ampl e ,  i n  Ca s e  6 1 ,  a t  a 1 0  per c e n t  rate 

1 5 - 2 8  



BAS I N  Denver A 

SUB BAS I N  

GAS PR ICE  
CASE NO . �/MCF 

D i scoun t Rate 1 0% 
2001 1 1 1 1 .  50 

2 1  2 . 50 
3 1  3 . 1 0  
4 1  3 . 50 
5 1  5 . 00 
6 1  7 . 00 
7 1  9 . 00 
8 1  1 2 . 00 

1-' D i scoun t Rate l�k 
lJ1 1 2  1 .  50 
I 22 2 . 50 

[\.) 3 2  3 . 1 0  
1.0 42 3 . 50 

52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Ra te 2�4 
1 3  1 .  50  
23 2 . 50 
33  3 . 1 0  
43 3 . 50 
53 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

* CODE : 

PROF I T . 
PROSP . 
___1._ 

0 
" 

2 . 9  
" 

7 . 8  
35 . 7  

" 

69 . 0  

0 

2 . 9  
" 

7 . 8  
35 . 7  

" 

0 

2 . 9  
7 . 8  
" 

35 . 7  

D 
0 . 0 1  

FORMAT I ON Muddy J 

AVERAGE PER PROSPECT 
K-LEVELS E & p 
ON STREAM I NVEST . 
NO .  VALUE * _w__ 

0 
" 

1 
" 

2 
3 
" 

4 

0 

1 
" 

2 
3 
" 

0 

1 
2 
" 

3 

0 
" 

D 
" 

DE 
DEF 
" 

DEFG 

0 

D 
" 

DE 
DEF 
" 

0 

D 
DE 
" 

DEF 

E 
0 . 003 

686 
" 

862 
" 

1 1 07 
22 1 4  

" 

2964 

0 

862 
" 

1 1 07 
22 1 4  

" 

686 

862 
1 1 07  

" 

22 1 4  

F 
0 . 0 0 1  

G 
0 . 0003 

GAS 
PROD . 
....lli.... 

0 
" 

. 326 
" 

. 699 
1 .  791  
" 

2 . 304 

0 

. 326 
" 

. 699 
1 . 79 1  
" 

0 

. 326 

. 699 
" 

1 . 79 1  

H 0,0001 

NET PRES .  
VALUE 
�11 

- 392 
" 

- 308 
-284 

-66 
661  

1 206 
252 1 

- 393 

- 330 
- 264 

-24 
660 

1 265 

- 395 

-304 
- 1 30 

3 
829 

TABL E  1 5- 1 1 

ECONOM I CS SUHt\ARY 
TECHNOLOGY Base 

DATE J une 1980 

BAS I N  TOTALS WELLS 
DCF RATE MAX NO. W I LDCAT 

OF RETURN GAS RECOVER • MAX RECOii. PROSP .  SUCCESS W I LDCAT DEVELOPMENT % AT PR I CE,BCF G I P,BCF AT PR ICE  :& DRY PROD . !!!!I PROD TOTAL 

0 0 0 0 0 0 0 0 0 0 
" " " " " 
" " " " 2 . 7  

. 2  " " " " 

8 . 2  " " " 7 . 2 
20 . 8  1 039 2443 580 3 3 . 0  420 207 3 1 4  1 255 2 1 96 
30 . 5  " " " " " " " " " 

4 8 . 4  1 4 1 3  4 5 1 8  6 1 3  6 3 . 8  240 423 493 1 972 3 1 28 

0 0 0 0 0 0 0 0 0 0 

. 2  " " " 2 . 7  
3 . 5  " " " " 

1 4 . 1 " " " 7 . 2  
30. 5  1 039 2443 sao 3 3 . 0  420 207 3 1 4  1 255 2 1 96 
4 5 . 9  

0 0 0 0 0 0 0 0 0 0 

3 . 5  " " " 2 . 7  
1 4 . 1 " " " 7 . 2  
20 . 1 457 656 654 7 . 2  656 5 1  98 39 1 1 1 96 
4 5 . 9  1 039 2443 580 3 3 . 0 420 207 3 1 4  1 255 2 1 96 



TABLE  1 5 - 1 2 

ECONOM I CS SUMMARY 
BAS I N  Qcc��r: 8 TECHNOLOGY Advanced 

SUB BAS I N  FORMAT I ON Mudd J DATE June 1 980 

AVERAGE PER PROSPECT BAS IN TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRE S .  D C F  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROSP . ON STREAM I NVEST. PROD . VALUE Of RETURN GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CASE NO . �/MCF __x__ NO .  VALUE * _lli_ � �M % AT PR I CE,BCF G I P,BCF AT PR I CE '& QJ!Y. �. QJ!Y. PROD . TOTAL 

D i scoun t Rate 1 �/o 
200 1 21 1  I .  50 2 . 9  I D 986 . 242 -494 0 0 1 96 0 2 . 7 

2 1  2 .  50  7 . 8 2 DE 1 1 60 . 633  - 359 . 4  0 656 0 7 . 2  
3 1  3 . 1 0 35 . 7  3 DEF 258 1 2 . 626 1 68 1 2 . 4  2443 2443 923 3 3 . 0  669 3 30 396 1 583 2978 
41 3 . 50 " " " " " 3 7 1  1 5 . 4  " " " " " " " " " 

5 1  5 . 00 69 . 0  4 DEFG 4452 4 . 476 1 873  2 9 . 9  4 5 1 8 4 5 1 8  1 009 60 . 4 396 696 9 1 9  3675 5686 
6 1  7 . 00 85 . 3  5 DEFGH 6074 5 . 475 4058 46 . 9  5539 5539 1 0 1 2  78 . 8  232  863 1 345 5381  782 1 
7 1  9 . 00 " " " " " 6 1 0 1  69 . 5 5539 " " " " " " " " 

8 1  1 2 . 00 " " " " " 9 1 05 1 04 . 7  

D i scount Rate I� 
1-' 1 2  I . 50 0 0 0 9 1 5  0 - 520 0 0 0 0 0 0 0 0 0 0 
Ul 2 2  2 . 50 7 . 8 2 DE 1 1 60 . 6 3 3  -4 1 9  . 4 " 656 " 7 . 2  
I 3 2  3 . 1 0  " " " " " - 365 2 . 5  " " " " 

w 42 3 . 50 35 . 7 3 OEF 2581 2 . 646 2 1  1 5 . 4  2443 2443 923 3 3 . 0 669 330 396 1 583 2978 
0 5 2  5 . 00 69 . 0 4 DEFG 4452 4 . 476 1 020 29 . 9  4 5 1 8  4 5 1 8 1 009 60 . 4 396 696 9 1 9  3675 5686 

62 7 . 00 85 . 3  5 DEFGH 6074 5 . 475 2536 46 . 9 5539 5539 1 0 1 2  78 . 8  232  863 1 345 538 1 782 1 
7 2  9 . 00 " " " " " 4059 69 . 5  . .  . .  " " " " " " 

8 2  1 2 . 00 " " " " " 6344 1 04 . 7  

D i scou n t  Rate 20% 
1 3  1 . 50  0 0 0 9 1 5  0 - 5 1 9  0 0 0 0 0 0 0 0 0 0 
2 3  2 . 50 2 . 9  I D 986 . 242 -486 
3 3  3 .  1 0  7 . 8 2 DE 1 1 60 . 6 3 3  - 4 1 0  2 . 5  
43 3 . 50 " " " " " - 382 3 . 8  
53  5 . 00 35 . 7 3 OEF 2581 2 . 646 278 2 7 . 3  2443 2443 92 3 33 . 0 669 330 396 1 583 2978 
63 7 . 00 69 . 0  4 DEFG 4452 4 . 476 1 5 1 7  50 . 9  4 5 1 8  4 5 1 8  1 009 60 . 4  396 696 9 1 9  3675 5686 
73 9 . 00 85 . 3  5 DEFGH 6074 5 . 475 2850 69 . 5  5539 5539 1 0 1 2  78 . 8  2 3 2  863 1 345 538 1 782 1 
83 1 2 . 00 " " " " " 4657 1 04 . 7  " " " " " " " " 

.,, CODE :  D E F G H 
0 . 0 1  0 . 003 0 . 001  0 . 0003 0 . 000 1 



o f  re turn and $ 7 . 0 0/MC F ,  present  v a l u e  i s  $ 6 6 1  thou sand and 1 , 0 3 9 ,  
BC F o f  gas  be come r e coverab l e . No te a l so that permeab i l i ty l eve l s  
t o  0 . 0 0 1 m d  w i l l  b e  econom i c . Al l other pe rme ab i l i ty l ev e l s  we re 
tes ted but proved une conom i c . 

The tab l e s  a l so s how the i nves tme n t  r eq u ired per prospe c t  and 
the max imum n umber o f  pros pe c t s  ava i l ab le in the bas i n  at the 
pr ic e . The total n umber of wel l s  r eq u i red i s  a l so shown . Com
par i so n  of Ta b l e s  1 5-1 1 a nd 1 5- 1 2 w i l l  show the e f fe c t  of advanced 
technology . S im i l ar e conomi c  s ummar i e s  are shown for the o the r 
forma t ion . An overal l s umma ry o f  the De nve r  Ba s i n  und i scovered 
t ig h t  gas tha t is po te n t i a l ly prod u c t i ve is s hown in Tabl e  1 5 - 4 . 
Th ese e s t ima tes for both base and ad vanced techno logy c a s e s  are 
calcula ted for gas pr i c e s  of $ 2 . 5 0 ,  $ 5 . 0 0 ,  and $ 9 . 0 0/MC F at a 1 5  
percent d i sc oun t rate . 

1 5 - 3 1  
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TOTAL BAS I N  AREA ( SECT l ONS ) :  4 0 , 000 
TYPE : B l a n ket 

NGL ( BBL/MMC F ) :  2 5 .  

AVERAGE PRODUCT I V E H/C GAS NET P AY 
PERM .  AREA POROS I TY TH I CKNESS 
(MD )  ( SECT I ONS ) ( % )  ( FT . ) 

0 . 0 1 20 6 . 5  1 4  

0 . 003 3 5  6 . 3 1 8  

0 . 00 1  1 25 6 . I 24 

0 . 0003 1 70 5 . 9 3 1  

0 . 000 1 1 00 5 . 7  40 

0 . 00003 50 5 . 5  53 

500 

TABLE  1 5 - 1 3 

GEOLOG I CAL DATA SUMMARY 

BAS I N : 
SUBBAS I N : 
FORMAT I ON :  

EST I MATED 

Denver 
Area B 
Mu ddy  J 

MAX . 
GAS I N  PLACE AT RECOV ERABLE 
RESERVO I R  COND . GAS 

( BCF ) C BCF ) 

80 . 8 59 

1 76 . 0 5  1 20 

8 1 2 . 5 5 1 5  

1 380 . 4  8 1 3  

1 0 1 2 . 0 5 50 

647 . 0  322 

4 1 09 .  2379 

DEPTH ( FT . ) :  8000 
PRESSURE (PS I A :  3000) 
TEMPERATURE ( ° F ) : 260 

FOR EACH DR I L L l  NG LOCAT I ON vUC : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

. 50 . 75  I . 0  

. so . 7 5  I . 0 

. 70 . 90 I . 0  

. so I . 0  

. 80 I . 0  

I . 0  I . 0  
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U1 
I 

w 
� 5 

1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R  
C U M M . 
P R O D . 

( M M C F ) 

TABLE  1 5 - 1 4 

W E L L  P R O D U C T I ON S U M M A R Y -- B A S E  C AS E  

D E N V E R  B 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L )  

0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

8 9  5 9  4 5  3 0  

5 2  3 3  2 3  1 6  

3 3  2 0  1 4  9 

2 4  1 5  1 0  6 

2 1  1 3  8 5 

1 8  1 1  7 5 

1 5  9 6 4 

7 6 5  4 8 6  3 3 9  2 1 9 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 00 0 0 1  ( M D J  

2 1  1 4  

1 1  8 

6 4 

4 3 

3 2 

3 2 

2 1 

1 5 2  1 0 4  



K • 0 . 3 0 . 1  
Y E A R  

1 

2 
1-' 
ll1 
I 

w 
ll1 5 

1 0  

1 5  

2 0  

3 0  

3 0 - Y E A R 
c u r M . 
P R O D . 

( M M C F ) 

TABL E  1 5 - 1 5 

W E L L  P R O D U C T I O N S U M MA R Y-- A D V A NC E D  C A S E  

o . o 3 

D E N V E R B 

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

o . o 1  o . o o 3  0 . 0 0 1  0 . 0 0 0 3  

2 2 5  1 8 8  1 5 1  1 0 5 

1 4 4 1 1 2 8 6  6 1 

9 2  6 8  5 1  3 6  

7 1  4 9  3 6  2 5  

5 9  4 0  2 9  2 0  

5 2  3 5  2 5  1 7  

4 5  3 0  2 1  1 4  

2 1 5 6  1 5 3 7 1 1 4 9  7 9 5  

0 . 0 0 0 1 0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

6 5  3 4  

4 3  2 7  

2 5  1 7  

1 7 1 2  

1 4  1 0  

1 2  8 

1 0  1 

5 5 9  3 7 1  



TABLE  1 5 - 1 6  

PRODUCT I ON WELL  REQU I REMENTS 

BAS I N : Denver 
SUB-BAS I N : Area B 
FORMAT I ON :  Muddy  J 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM 
PE RM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 < BCF ) ALL GAS [ MAX= I 2 1  ( BC F ) 

I-' . 0 1  3 . 8  3 . 8  59 1 . 4 I . 4  59 Vl 
I 

w 
. 003 7 . 04 4 . 0 68 2 . 2  2 . 2  1 20 0'1 

. 00 1 1 2 .  I 4 . 0  1 70 3 . 6  3 . 6  5 1 5  

. 0003 2 1 . 7 4 . 0  1 50 6 . 0  6 . 0  8 1 3 

. 000 1 36 . 4 . 0 6 1  1 0 . 0  1 0 . 0  5 50 

. 00003 6 1 .  4 . 0 2 1  1 7 . 34 1 2 . 0  223 

529 2280 
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TABLE  1 5- 1 7 

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : 
SUB-BAS I N : 
FORMAT I ON :  

Geo l ogy  a n d  Geop hys i cs ( $/Prospect ) 

Dr i I I  i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case [ 1 000 Ft . Fractu re ) 
Advanced Cas e  [ 2000/4000 Ft . Fracture ) 

S u r f ace Eq u i pment ( $/We l l )  

Ann  ua I Operat i ng Expense ( $/We I I )  

Compres so r  Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenu e  

Denver 
Area B 
Mud d y  J 

4 5 , 000 

430 , 000 

92 , 500 
304 , 000 - 33 1 , 000  

45 , 000  

1 0 , 000 

. 0269 



TABLE  1 5 - 1 8  

ECONOM I CS SUMMI\HY 
BAS I N  Denver TECHNOLOGY Base 

S UB BAS I N  .dr.:o.:t. A FORMAT I ON DATE Ma� 1�80 

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS  
PROF I T . K-LEVELS E & p GAS NET PRES . DCF  RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P . ON STREAM I NVEST . PROD . VALUE OF R ETURN GAS R ECOVER . MAX RECOV . PROSP . SUCCESS  W I LDCAT DEVE LOPNENT 
CI\SE NO . S / HC F __ % __ NO . VALUE * _w___ � �M % AT PR I C E  8C F  G I P B C F  A T  PR I C E  % Q.!!Y. PROD . ORY PROD . TOTAL 

O i �coun t R a l �  1 0� 

0 502 1 1 1  I .  so 0 0 - 726 -4 1 4 0 - 0 
2 1  2 . 50  0 0 - " - 4 1 4  0 - - - 0 
3 1  3 . 1 0  0 0 - " -4 14 0 - 0 
4 1  3 . 50 2 . 8 1 D 9 12 . 26 1  - 3 48 0 - - 2 . 5 
5 1  5 . 00  " " " " " -280 0 . 80 " 

6 1  7 . 00 8 . 0 2 DE 1 289 . 703 38 1 0 . 8  127  1 79 1 8 1  7 . 0  1 9 1  1 4  36 1 45 387 
7 1  9 . 00 25 . 6 3 DEF 2055 1 .  360 676 2 1 . 3  297 694 2 1 8 22 . 5  1 92 56 1 0 3  4 1 0  76 1 
8 1  1 2 . 00  50 . 9 4 DEFG 2856 1 .  8 1 8  1626 3 3 . 2 447 1 50 7  2 46 44 . 7  1 5 5  1 25 185 7 40 1205 

1-' O i s c oun t R a t e  I S"�, 

Ul 1 2  I . 50 0 0 - 726 - 4 1 5  0 - - 0 
I 2 2  2 . 50 0 0 - " - - 4 1 5  0 - - 0 

w 32 3 . 1 0  0 0 - " - 4 1 5  0 0 
00 1, 2 3 . 50  0 0 - " - 4 1 5  0 - 0 

52 5 . 00 2 . 8 I D 9 1 2  . 26 1  - 332 0 . 80 - - 2 . 5  
6 2  7 . 00 8 . 0 2 DE 1 289 . 703 - 1 3 4  1 0 . 8  - 7 . 0 
n 9 . 00 " " " " " 1 8  1 5 . 5  1 2 7  1 79 1 8 1  " 1 9 1  1 4  36 1 45 387 
B2 1 2 . 00 25 . 6 3 DEF 2055 1 .  360 6 9 1  3 1 . 2  297 694 2 1 8  22 . 5 1 92 56 1 0 3  4 10 76 1 

U i sco1m t Ra t e  2 0'·� 
I 3 I .  50 0 0 - 726 - - 4 1 5  0 - - 0 
2 3  2 . 50 0 0 - " -4 1 5  0 - 0 
3 >  3 . I 0 0 0 - " - - 4 1 5  0 - - 0 L, J 3 . 50 0 0 - " - 4 1 5 0 - 0 
5 3  5 . 00 0 0 - " - 4 1 5 0 - 0 
63 7 . 00 2 . 8  I D 9 1 2 . 261  - 3 10 4 . 2  - 2 . 5  
7 3  9 . 00 8 . 0 2 DE 1 289 . 703 - 1 1 3 1 5 . 5  - 7 . 0 
83 1 2 . 00 2 5 . 6 3 DEF 2055 I . 360 367 3 1 . 2  297 694 2 1 8  2 2 . 5  192 56 1 03 4 1 0  76 1 

-�> C ODE : D E F G H I 
0 . 0 1  0 . 003 0 . 0 0 1  0 . 0003 0 . 000 1 0 . 00003 



TABLE  1 5 - 1 9 

ECONOH I CS SUI1MAI\Y 
eAS I N  nver TECHNOLOGY Advanced 

SUB BAS I N  Area B FORMAT I ON DAT E May 1 980 

AVERAGE PER PROSPECT BAS I N  TOTALS WELLS  
PROF I T . K -LEVELS E & P GAS N ET PRE S . DCF RATE MAX N O .  W I LDCAT 

GAS PR I C E  PROS P .  O N  STREAM I NV EST .  PROD . VALUE OF R ETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
Cf,SE N O . S / 1-\C F __ %_ NO . VALU E * _jJ-j__ � �M % AT PR I C E  8CF G I P  BCF AT PR I C E % DRY PROD . llRY PROD . TOTAL 

{) i � coun t R a 1 c  1 0!, 
05022 I I I . 50 0 0 - 967 - 55 1 0 - - 0 

2 I 2 . 50 8 . 0  2 DE 1 3 1 6  . 874 - 336 2 . 2  - 7 . 0  
3 1  3 .  I 0 2 5 . 6  3 DEF 2 3 1 9  2 . 56 1  1 96 1 2 . 9  694 694 2 7 1  22 . 5 239  69 94 377 780 
4 1  3 . 50 " " " " " 377 1 5 . 7  " " " " " " " " " 

5 1  5 . 00 50 . 9  4 D E FG 4 3 1 9  4 . 694 20 1 2  3 1 . 4  1 507 1 507  32 1 44 . 7 202 1 6 3  277 1 1 1 0 1 752 
6 1 7 . 00 67 . 5  s DEFGH 6990 6 . 609 4760 46 . 2  20S7 2057 3 1 1 S9 . 3 1 44 2 1 0  484 1 93S 2773  
7 1  9 . 00 

" " " " " 7077 65 . 5 " " " " " " " " " 

8 1  1 2 . 00 78 . S 6 OE FGH I 83 1 S 7 . 42 3  1 1 207 89 . 3  2280 2280 307 68 . 9 108 2 4 1  S79 2 3 1 6  3245 

f-' D i :; c oun t R a t e  J s·:�. 
U1 I 2 I . SO 0 0 - 967 - -S47 0 - - 0 I 
w 2 2  2 . 50 2 . 8  I D 1 044 . 26 1  - 497 0 - 2 . S 
1.0 3 2  3 . 1 0  8 . 0  2 DE 1 3 1 6  . 874 -349 4 . 5  - ·- 7 . 0 

42  3 . SO " " " " " - 304 5 . 9 - " 
5 2  5 . 00 2 5 . 6  3 DEF 23 1 9  2 . 56 1 530 26 . 0 694 694 27 1 22 . 5  2 3"9 69 94 377 780 
6 2  7 . 00 50 . 9 4 OEFG 4 3 1 9  4 . 694 2 284 49 . 5  1 507 1 507  3 2 1  44 . 7 202 1 6 3  2 7 7  1 1 1 0 1 752 
7 2  9 . 00 67 . 5 5 OEFGH 6990 6 . 609 456 1 65 . 5 2057 2057 3 1 1 59 . 3 1 4 4  2 1 0  484 1 935 2773 
&2  1 £ . 00 " " " " " 7064 93 . 3  

U i scolm t R a t e  2 ct'� 

I 3 1 .  s o  0 0 - 967 -547  0 0 
2 3  2 . 50 0 0 - " -547 0 0 
3 3 3 . 1 0  2 . 8 1 0 1 044 . 26 1  -495 0 - 2 . 5 
43 3 . 50 8 . 0 2 DE 1 3 1 6 . 874 - 374 5 . 9  7 . 0 

5 3  5 . 00 2 5 . 6 3 OEF 23 1 9  2 . 56 1 225  26 . 0  694 694 2 7 1  2 2 . 5  239 69 94 377 780 

63 7 . 00 50 . 9  4 OEFG 4 3 1 9  4 . 694 1 488 49 . 5  1 507 1 507  32 1 44 . 7 202 1 63 277 1 1 1 0 1 752 
" " " " " 2398 66 . 8  " " " " " " " " " 

73 9 . 00 
83  1 2 . 00 67 . 5  5 DE FGH 6990 6 . 609 50 1 4  93 . 3  2057 2057 3 1 1  59 . 3 1 44 2 1 0  484 1 935 2773 

�· C ODE : D E F G H I 

0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 
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Chapte r S i xteen 

SAN JUAN BAS IN 

GEOLOGY 

The San Juan b as in is a r oughly c i rcular s truct ur a l  depre s s ion , 
s t rongly a symme t r i c  north t o  south and i s  located mos t ly i n  t h e  
northwe s tern corner o f  New Mex ico . The l owland pa r t  o f  the  ba s i n  
embrace s 1 2- 1 5 thou sand square m i l e s  and i s  und e r l a i n  by 2 5- 3 0 
thous and c ub i c  mi l e s  o f  sed imentary ma te r i a l s  above the Pre c ambr i a n  
basemen t .  The Central ba s i n  w i th i n  the o u t c rop o f  the ma j or g a s  
prod uc t ive Cre taceous fo rma t ions encompa s s e s  approx ima tely 8 thou
sand square m i l e s . The ma j or i ty o f  c omme r c i a l  n a tural  ga s prod u c 
t ion i s  from t h e  Cen tral ba s in are a . 

The pr inc i pal b o und a r i e s  of the grea ter San Juan bas i n  are the 
Z un i  upl i f t to the sou th , the De f i ance upl i f t  to the we s t ,  the San 
Juan upl i f t to the nor th and the Nac imien to u pl i f t to the e a s t .  
F i g ure 1 6 - 2  s hows the ou t l i n e  of the bas i n .  

Th e sed imen tary sequence i n  the San Juan bas i n  r ange s f rom 
Camb r i an to the Re cent and i s  up to 1 4  thousand fee t t h i ck i n  t h e  
d eepe s t  po r t ion . The r e  are no Ordov i c ian o r  S i l u r i a n  sed ime n t s . 
Se e F ig ure 1 6 - 3  for the corre l a t ion d i ag r am .  The maj o r  g a s  prod u c
i ng hor i zo n s  are the Dako ta Forma t io n ,  the Me sav e r d e  Group and the 
P i c t ured Cl i f f s  Fo rma t i o n , al l uppe r Cre taceous in age . In add i 
t ion , l e s s e r  amoun t s  o f  produc t ion a r e  take n from the uppe r C r e ta
ceous Granero s , Gal l up , Chac r a ,  Fru i tl and and Farm i ng ton s a nd s . 
The Graneros sand , where pre se n t  i n  the Ba s i n  Dako ta f i e l d , i s  con
s idered a s  be i ng a par t o f  the Dako ta prod uc i ng i n t e rval by the New 
Me x i co O i l  Conse rva t ion Commi s s ion . A c ros s se c t i o n  o f  the b a s i n  
i s  shown i n  F ig ur e  1 6 - 4 . 

Gene ral Dakota T i g h t  Gas Forma t ion 

The Dako t a  Fo rma t i o n , d ue to i ts inhere n t  " t i g h t  s and " c h a r a c 
ter i s t i cs i n  the San J u a n  bas i n ,  wa s chosen b y  Lew i n  and As soc i a t e s  
to b e  i n c l ud ed in the i r  t ight sand s t udy . I t  wa s a l so recog n i z e d  
t h a t  t h e  P i c t ured C l i f f s  sands tone and the Me s averde s ands po s s i b ly 
would qual i fy a s  " t ight sands , "  bu t both Lew i n  and As soc i a te s  and 
the wr i te r  felt tha t the greate r  emph a s i s  sho u l d  b e  concerned w i th 
the Dako t a  Fo rma t ion s i nce the Blanco Me s averde f ie ld i s  more 
compl e tely d r i l led up and the P i c tured C l i f f s  sands are no t so 
exten s ive . 

The Dako t a  Fo rma t ion throughout the bas i n  r a ng e s  i n  th i ckne s s  
from 2 0 0 to 3 2 5  f ee t .  Th e l i tho l ogy i s  var i a b l e  and i s  repr e s e n ted 
by sands tone s ,  s i l t s tone s ,  s h a l e , coal and cong l omerate s .  The 
sand s wi th i n  the Dako ta i n te rval are pr e s e n t  i n  three zo ne s . The 
l owe r zone i s  a t  t ime s cong l omera t i c  and h a s  the be s t  rese rvo i r  
characte r i s t i cs , howe ve r ,  i t  i s  genera l ly wa ter bear i ng and i s  not 
prod uc t ive o f  hyd ro c a rbons wi th i n  the Central bas i n .  The m id d l e  

1 6 - 1  



and uppe r z o n e s  and the Graneros sand , wh e re pre s e n t ,  a re g a s  pro
d uc t ive and are cons idered as the bl anke t  type s and s a s  s e t  forth 
by Lew i n  and As so c i a t e s . Wi th i n  the pre s e n t  f i e l d  l im i t s ,  the 
Dako ta prod uc i ng i n te rval ave rage s 50  to 7 0  fee t in  t h i ckne s s , has 
a n  ave r ag e  po ro s i ty o f  8 pe rcent and a wa ter s a t ur a t io n  of 30  to 5 0  
percen t .  

In  d e l ine a t i ng area s  o f  f urther d r i l l i ng o f  the  Da ko ta i n  the 
San Juan bas i n , a n  area wa s outl i ned around and ou t s id e  the present 
Dako ta f i e ld l im i t s . The ou tl ine wa s re s tr i c ted to c e r ta i n  l im i t s  
wh i c h  we r e  d e s i g n a ted by the encou n te r i ng of upd i p  wa te r and/o r the 
s i l t i ng out of the sands  ( se e  F ig ur e  1 6 - 1 ) . In  a s s i g n i ng parame
ters for the undeve l oped t ig h t  sand areas , r e se rvo i r  charac te r i s
t i cs o f  a l ower q u a l i ty than those o f  the f i e l d  prope r were u sed 
s i nce these undeve l oped areas , i n  general , e xh i b i t  poo r  prod u c i ng 
charac ter i s t i c s . Gas f i l l ed poros i t i e s  rang ed from 1 . 5 %  to 5 % ,  i n  
s i tu g a s  pe rme ab i l i t i e s  ranged from . 0 0 0 4  t o  . 0 4 md . a nd ne t th i ck
n e s se s  r a ng ed from 1 0  to 3 0  fee t .  Ave r ag e  depth wa s 7 , 1 5 0  fee t .  A 
total of 1 , 1 8 8  s e c t ions of po ten t i a l  t i g h t  g a s  s a nd s  i s  e s t ima ted 
to ex i s t  around the Ba s i n  Dakota F i e ld . De ta i l s  of the  gas po t e n
t i al d i s tr ibu t ion are shown i n  Table 1 6-1 i nd i c a t i ng a ma x imum 
recoverable r e s o urce of 2 . 2 TCF . 

The u l t ima te po ten t i al re source s noted above are c o n s iderably 
l e ss than 15  T C F  in  pl a c e  and 12  TCF po te n t i a l  re sou rce s carr i ed i n  
the Lew i n  a n d  As soc i a te s  repor t .  

Explora t io n  H i s tory and Performance , Pas t  and F u t ure 

Hyd rocarbons we re f i r s t  d i scove red in the  San Juan ba s i n  i n  
1 9 1 1 ,  b u t  fur ther deve l opmen t  wa s spo rad i c  un t i l  the e a r ly 1 9 5 0 ' s  
a t  wh i c h  t ime a l a rge s c a l e  gas  marke t wa s i n i t i a ted . To d a te , g a s  
prod u c t i o n  from t h e  three ma j o r produc i ng forma t io n s , v i z . , Dako ta ,  
Me saverde a nd P i c t ured Cl i f f s , to t a l s  appro x ima t e ly 1 0 . 5 TCF ,  w i t h  
t h e  Dako ta hav i ng prod u c ed ove r 3 TCF . Approx ima te ly 1 0 , 2 0 0  we l l s  
h ave been d r i l l ed i n  these forma t ions . Prod uc t io n  from t h e  r ema i n
i ng s ands i s  m i no r  i n  compar i son . At the pr e s e n t  t ime , a s uc ce s s
f ul i n f i l l  d r i l l i ng progr am i s  near i ng c ompl e t io n  in the  Blanco 
Me saverde f i e l d  and an i n f i l l  program is  beg i nn i ng in  the Ba s i n  
Da ko ta f i e l d , both i n f i l l  progr ams be i ng i n s t iga ted d ue to the l ow 
perme ab i l i ty o f  the r e s e rvo i r s . Th e Dako ta " t ig h t  s a nd " d r i l l i ng 
prog r am may be re s t r i c ted to some e x ten t a s  a r e s u l t  o f  th i s  n ewly 
d ev e l op i ng Dako ta i n f i l l  d r i l l i ng . 

A s ta t i s t i c al s ummary o f  the r e c e n t  e xp l o r a t i o n  h i s to ry a nd 
pe r fo rmance o f  the i n d u s t ry i n  the San Juan b a s i n  i s  s h own i n  Tabl e  
1 6- 9 . Da ta are g iven for the 1 9 6 0 -1 9 6 9  p e r i od and the 1 9 7 0 -1 9 7 7  
per iod . The n umbe r  o f  w i ldcat we l l s ,  w i ld c a t  s uc c e s s  rate , a nd 
amoun t o f  pe tro l e um found per suc ce s s f ul w i l d ca t  we l l  are shown . 
The se s t a t i s t i c s  are ba s ed o n  Ame r i c a n  As soc i a t io n  o f  Pe tro l e um 
Ge olog i s t s  d a t a  w i th some mod i f i c a t i o n  to e l im i n a te l ow r i sk f i e ld 
exten s ion we l l s . The s e  d a ta apply to a l l  the forma t io n s  i n  the 
b a s i n  tha t we re b e i ng expl ored dur i ng th i s  per iod . Our e s t ima tes 
a r e  l im i ted to  the th i nn e r  lowe r qua l i ty po r t i o n s  o f  the Dako ta 
Fo rma t ion a t  the edge of the c urre n t  prod uc i ng are a . 

1 6 - 2  
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F i g u re 1 6-4. East-West Cross Sect ion -

San J uan Bas i n , N o rthwest New Mexico.  
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Tota l Bas i n  Area ( Sect i on s ) : 8 , 000 
Type : B l a n ket 

NGL ( BBL/MMC F ) : 5 .  

Average Prod u ct i ve H/C Gas Net Pay 
Perm . Area Poros i ty Th i ckness 
<MD ) ( S ect i on s )  ( % ) ( Ft . ) 

0 . 04 7 5  5 . 0 1 0  

0 .0 1  1 50 4 . 0 1 5  

0 .004 5 1 5  3 .0 20 

0 . 0 0 1  300 2 . 2 5  2 5  

0 . 0004 1 48 1 • 5 30 

1 , 1 88 

TABLE 1 6- l  

Geo l og i ca l  Data S ummary 

B as i n :  San  J ua n  
S u bbas i n :  
Format i on :  Da kota 

Est i mated Max . 
Gas i n  P l ace at Recovera b l e  
Reservo i r  Cond . Gas 

( BCF ) ( BC F ) 

1 84 . 1 3  1 42 

44 1 . 9  32 1 

1 , 5 1 7 . 1 9  1 , 03 1 

828 . 0 526 

327 . 08 1 93 

3 , 298 . 2 , 2 1 3  

Depth ( Ft . ) :  7 1 50 
Pressure ( PS I A ) : 3090 
Temperature ( ° F ) : 222 

For E ach Dr i I I i ng Locat i on W/C : 
Probab i I i ty Proba b i  I i ty that W/C i s  

That State of Prod u ct i ve ,  G i ven that 
Nature i s  State o f  Nature i s  Prod 

Product i ve 1 st W/C 2 n d  W/C 

0 . 93 0 . 95 1 . o  

0 . 93 0 .9 5  1 . o  

0 . 93 0 . 95  1 .o  

0 . 8 5  0 . 95  1 .o  

0 .8 5  0 . 95  1 .o  



The 1 2  per c e n t  s uc c e s s f u l  w i ld c a t s  repo r ted for the 1 9 7 0 - 1 9 7 7  
per iod i nd i c ates  that  a t  the pr i c e s , 3 0 0  foot  frac t ur e s , a nd q u a l 
i ty o f  prospe c t s  ava i l ab l e  a t  that  t ime , no more than 1 2  perc e n t  o f  
the we l l s we re pro f i table . The o thers we re c l a s sed a s  d ry hol e s  
and abandoned . At a pr i c e  o f  $ 3 . 5 0/MC F  and 1 , 0 0 0  fee t f r a c t ure s 
w i th a 1 5  perc e n t  DC F r a te of r e t ur n ,  o ur e s t ima te s i nd i c a te 1 5  
per c e n t  o f  the w i ld c a t s  wo uld be pro f i tab l e  a nd s uc c e s s f ul . 

The averag e  d i scove ry o f  1 . 9 7  B C F  per s uc ce s s f ul w i ld ca t  a t  
1 9 7 0 -1 9 7 7  cond i t ions c ompares wi th o u r  pro j e c te d  d i sc ove ry o f  3 1  
B C F  per s ucce s s f u l  w i ld c a t  a t  $ 3 . 5 0/MC F  and 1 5  pe rcen t DC F  rate o f  
r e t ur n .  No te t h a t  the pe rcent  s uc c e s s f ul n ew f i e l d  w i l d c a t s  
increased from 3 . 9 percent  i n  t h e  1 9 6 0 ' s  to 1 2 . 5 perc e n t  i n  t h e  
1 9 7 0 ' s  a n d  cou l d  r i s e  t o  1 5  p e r c e n t  i n  t h e  1 9 8 0 ' s .  Th e d e c l i ne i n  
B C F  found per s uc ce s s f ul w i l d c a t  i s  a n  i nd i c a t ion that t h e  be t t e r  
prospe c t s  we re be i ng d r i l l ed i n  the 1 9 6 0 ' s .  Th i s  d ec l i ne i s  pro
j ec ted to be r eve r s ed by h igher gas pr i c e s  a nd l o ng e r  fract ures a s  
i nd i c a ted above . 

The numbe r o f  g a s  expl orat ion we l ls d r i l l ed over t h i s  1 8  ye ar 
per i od h ad d e c l i ned from 3 0  to 1 5  per ye a r . Rec e n t approval o f  1 6 0  
a cre spa c i ng pe r we l l  for the Dako ta wi l l  d e l ay mov i ng i n to the 
l ower qual i ty areas for perhaps f ive ye ar s . Afte rwa rd the 9 2  w i ld
cats req u i red for the e s t ima ted 8 0  prospe c t s  c ou l d  be d r i l led 
rap id ly i f  econom i c s  improved . 

Chara c te r i s t i c s  o f  Traps and Re se rvo i r s  

The Dako t a  o f  t h e  S a n  Juan ba s in i s  d i f fe r e n t  from t h e  prod uc
i ng areas of other ba s in s  i n  tha t produc t ion to  some d e g ree c an be 
expe c t ed at mos t any locat ion w i th i n  the l imi t s  as de f i ned by upd i p  
wa te r  and the s i l t i ng o u t  o f  the sands . I n  o th e r  wo rd s , l o c a l i z ed 
s tr uc t ural traps are no n-ex i s tent and prod uc t io n  d ev i a t i o n s  are the 
r e s ul t o f  chang i ng rese rvo i r  characte r i s t i c s  and/o r l o c a l i ze d  areas 
o f  n a t ural  fra c t ure s .  The s i ze o f  t ig h t  g a s  Da ko ta f i e l d s  may b e  
e s t ima ted from F i g u r e  1 6- 5 .  

Th e expl ora t i o n  s imul a tor wa s prog r amme d to take these b a s i n  
character i s t i c s  i n to a c c o un t .  Tab l e  1 6 - 1  i s  the geolog i c a l  d a t a  
s umma ry . I t  shows s tate of n a t ur e  9 3  p e r c e n t  produc t ive for the 
f i r s t  three perme a i b l i ty l eve l s  and 8 5  pe rcent  for the l a s t  two 
l eve l s . the f i r s t  wi l d c a t  d r i l l ed i n  a produc t ive area i s  s uc ce s s
f ul 9 5  percen t of the t ime ; the second , i f  needed , a l ways i s  s u c
c e s s f ul . Howeve r ,  a s uc ce s s f ul w i l d c a t  mu s t  me e t  e conom i c  c r i te r ia 
be fore go i ng on s tre am and i n i t ia t i ng f i e ld d eve l opme n t .  F i g ure 
1 6 - 5  s hows a range o f  f i e ld s i z e s from 1 0  to 2 0 0  B CF . Tab l e s  1 6 - 6  
a n d  1 6 - 7  show how recoverabl e gas  d epends upo n  re s e rvo i r  character
i s t i cs , g a s  se l l i ng pr i c e , a nd DC F r a te of r e t ur n .  Th e s e  tab l e s  
a l so s how incre a s i ng w i ld c a t  s ucce s s  as pr i c e  i ncrease s .  

PRODUC T I ON 

One fo rma t io n  i n  the San Juan ba s i n  i s  cons ide red po te n t i a l ly 
prod u c t ive of t igh t gas . The prod uc t i ve area i s  1 , 1 8 8  se c t ions and 
the max imum recove rab l e  g a s  i s  c a l cu l a ted to be 2 , 2 1 3  B CF . A f ul l  

1 6 - 8  
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set of tab l e s  i s  pre s e n ted and the prod uc t ion po ten t i a l  a nd econom
i cs c an be obta i ned by analy z i ng the s e t .  The g a s  po te n t i a l  for 
the whol e  ba s i n a s  a f un c t io n  of gas pr i c e  is s ummar i zed in Tabl e 
1 6 -8 . 

Th e geolog i c al d a ta used in  both the rese rvo i r  and e xpl orat ion 
s imul a tors are s hown i n  Table 1 6 - 1 .  The prod uc t io n  r a te s  e s t ima ted 
w i th the re servo i r  s imul a tor fo r each permeab i l i ty l eve l are shown 
in Tabl e  1 6 - 2 .  The s e  r a te s  are for base c a se technology w i th a 
fracture h a l f - l e ng th of 1 , 0 0 0  f ee t .  Annual  g a s  prod u c t ion i n  m i l 
l ions o f  c ub ic fee t per ye ar per we l l  and t h e  c umul a t ive prod u c t io n  
over a 3 0-ye ar pe r iod a r e  g i ve n . The 3 0 -ye ar cumu l a t iv e s  range 
from 0 . 1 5 5  to 1 . 3 2 3  BCF per we l l  for the f ive pe rme ab i l i ty l eve l s  
s tud i ed . Ta b l e  1 6 - 3  s hows the d a ta for the ad va n c ed te chnology 
case wi th frac t ure h a l f-l e ngths of up to 4 , 0 0 0  fee t .  The 3 0 -ye a r  
c umul a t ives fo r t h e  ad vanced techno l ogy c a s e  are mo re t h a n  1 0 0  
pe rcent h igher than for the base technology c a se for a l l  pe rme
ab i l i ty l eve l s . 

Produc t i on r a t e s  for San Juan , Dako ta we l l s  w i l l  range from 
about 5 5  MC F/D to 3 6 0  MC F/D for the f i r s t  ye ar w i t h  base technol
ogy , d epend i ng o n  pe rme a b i l i ty l eve l and n e t  pay t h i ck n e s s .  Wi th 
longer frac t ure s , ave r ag e  d a i ly prod uc t io n  r a te s  in the f i r s t  ye a r  
w i l l  range from 2 0 0  to 8 0 0  MCF/D f o r  the va r iou s pe rme ab i l i ty l ev
e l s . Ra tes w i l l  d e c l i n e  rap id ly , howeve r ,  and by the f i f th ye a r  
even the best  we l l  w i th advanced te chnology wi l l  b e  prod uc i ng only 
3 7 0  MCF/D.  

The Dako ta i s  a bl a nke t sand and the n umbe r  o f  we l l s per s e c
t ion a c t ua l ly d r i l led w i l l  a f fe c t  the ul t ima te re c ove ry d ra s t i c
a l ly . Table 1 6 - 4  s hows the n umbe r of we l l s per s e c t ion w i t h  bo t h  
base and ad vanced techno l ogy . Wi th base technology , t h e  n umber o f  
we l l s  requ i red range s from 1 . 4 t o  8 . 3 wel l s  p e r  s e c t i o n . Howeve r ,  
w i th base technology and thus curren t we l l  spa c i ng re s t r i c t i o n s , 
o n ly four we l l s per s e c t io n  are pe rmi t ted . The e f f e c t  i s  to red uc e  
recove rable g a s  from t h e  max imum o f  2 , 2 1 3  B C F , s hown i n  Table 1 6- 8 , 
to only 1 , 9 0 5  BCF . Wi th ad vanced techno l ogy , we l l  s pac i ng c o u ld b e  
var i ed so tha t t h e  ac t ua l  number of we l l s  n e e d e d  coul d  be d r i l led . 
For the Da ko ta , th i s  would range from 0 . 6 6  to 2 . 3 8  we l l s  per s e c 
t io n . Wi th ad vanced technol ogy , the ful l 2 , 2 1 3  B CF c ou l d  be 
recovered . 

ECONOM I C S  

Th e bas i c  geolog i c  and produc t ion d a ta we r e  pro c e s sed w i th the 
f ul l  cyc le e xplora t ion and pro d uc t ion s imul a to r  d e sc r ibed i n  Chap
t e t  Four . Th e d a ta we r e  eva lua ted to de term i ne the e conom i c s  o f  
f i nd i ng and d eve l op i ng t h e  g a s  i n  tha t par t i c ul a r  fo rma t io n . The 
i nv e s tme n t  and ope rat i ng expe n s e s  used to eva l u a te the Dako ta are 
shown i n  Tab l e  1 6- 5 .  

The output from the s imula tor i s  s hown i n  two t ab l e s : the e c o
nom i c  s ummary for the base technology c a se i s  shown i n  Table 1 6 - 6 ; 
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TABL E  1 6 -2 

W F L L  P R O D UC T I ON S U M M A R Y -- B A S E  C A S E 

S A N  J U A N ,  D A K O T A  

G A S  P R O D UC T I O N  ( M MC F / Y E A R / W E l l )  

K • 0 . 4  0 . 1  0 . 0 4 0 . 0 1 0 . 0 0 4  0 . 0 0 1  0 . 0 0 0 4  0 . 0 0 0 1  0 . 0 0 0 0 4  0 . 00 0 0 1  ' " 0 1  
Y E A R  

1 1 3 1  8 6  6 2  3 2  2 0  

I-' 2 8 4 5 3  3 5  1 7  1 0  
0'\ 
I 

I-' 
N 5 5 Q  3 4  2 3  1 0  6 

1 0  4 6  2 6  1 7  8 5 

1 5  3 8  2 3  1 5  7 4 

2 0  3 1  2 1 1 4  b 3 

3 0  2 3  1 8  1 2 5 3 

3 0- Y E A R 
C U I'I M . 
P R O D . 1 3 2 3  8 2 7  5 5 6 2 6 3  1 5 5  

( M M C F ) 



TABLE  1 6 -3  

W f l l  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

S A N J U A N ,  D A K O T A  

G A S P RO D U C T I O N  C M M C F / Y E A R / W E L L ) 

K • 0 . 4  0 . 1 0 . 0 4 0 . 0 1  0 . 0 0 4  0 . 0 0 1  0 . 0 0 0 4  0 . 0 00 1 0 . 0 0 0 0 4  0 . 00 0 0 1  ' "0 )  
Y E A R  

1 2 8 Q 2 3 5  2 0 2  1 1 7  7 6  

2 2 0 0 1 4 8 1 1 8 6 5  4 0  
1-' 
0"\ 

I 
1-' 
w 5 1 3 6  9 7  7 4  3 8  Z 3  

1 0  9 9  7 1  5 3  2 8  1 7  

1 5  8 1  5 9  4 4  2 2  1 4  

2 0  6 6  5 1  3 9  1 9 1 2  

3 0  49 4 2  3 2  1 6 1 0  

3 0- Y E A R 
C U M M . 
P R O D . 2 8 8 1  2 1 7 1 1 6 70 8 8 5  5 4 5  

U 1 M C  F ) 



TABLE 1 6-4  

PRODUCT I ON WE LL REQU I REMENTS 

BAS I N :  San  J ua n  
SUB-BAS I N : 
FORMAT I ON :  Dakota 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOV ERABLE NUMBER OF NUMBER OF RECOVERABLE 

WELLS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQO . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 

f--' < MD ) ALL GAS [ MAX=4 l ( BCF ) ALL GAS I MAX = 1 2 l  ( BCF ) 
0'\ 
I 

f--' 
""' 

. 04 1 . 4 1 . 4 1 42 . 66 . 66 1 42 

. 0 1  2 . 6  2 . 6  32 1 1 • 1 1 • 1 32 1 

. 004 3 . 6  3 . 6  1 03 1  1 .  2 1 .  2 1 03 1  

. 00 1 6 . 6  4 .  3 1 8  1 .  9 7  1 . 97  526 

. 0004 8 . 3  4 .  93 2 . 38 2 . 38 1 93 

1 90 5  22 1 3  



I-' 
0'1 
I 

I-' 
Ul 

TABLE 1 6- 5  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l og y  and  Geop hys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fractur e )  

BAS I N : San J ua n  
SUB-BAS I N : 
FORMAT I ON : Da kota 

Ad van ced Ca se 1 2000/4000 Ft . Fracture ) 

Surf  ace  Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost , Rat i o  of Cost to 

W . l .  Gas Revenue 

1 0 , 000 

250 , 000 

93 , 700 
3 1 8 , 000 

4 5 , 000 

2 , 500 

. 0297 



1-' 
0'1 

I 
1-' 
0'1 

eAS I N  San Juan 

SUB EAS I N  

GAS PR I C E  
C i\ S E  NO. S /�1C F 

D i ·H .. oun t R a t e  1 0.� 
1 60 I I  I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

I . 50 
2 . 50 
3 . 1 0  
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

O i scount Ra te  1 5''', 
1 2  1 .  50 
22  2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
6 2  7 . 00 
72 9 . 00 
82 1 2 . 00 

V i scount  Rate 20''� 
l l 1 . 50 
2 3 2 . 50 
3 3  3 . 1 0  
43 3 . 50  
SJ  5 . 00 
63 7 . 00 
73 9 . 00 83 1 2 . 00 

_, C ODE : 

F ORMAT I ON 

AVERAGE PER PROS PECT 
PROF I T . K -LEVELS  E c. P GAS NET PRES . 
PROSP . ON ST REAM I NVEST . PROD . VALUE 

__ %_ NO . VALUE * _i!L_ B C F  �M 

6 . 2  1 c 1 357 1 . 889 -292 
1 7 . 6  2 c o  3420 5 . 527 392 
56 . 2  3 CDE 12477 16 . 165 1690 

" " " " " 2602 
" " " " " 6040 

76 . 9  4 CDEF 1 9475 2 1 .  227 1 1 7 1 1  
" " " " " 1 7468 

88 . 7  5 COEFG 2 4 1 32 23 . 224 26920 

0 0 - 702 - - 428 
6 . 2  1 c 1 357 1 . 889 -200 

1 7 . 6  2 CD 3420 s.  527 259 
" " " " " 488 

56 . 2  3 COE 1 2 477 1 6 .  165 3202 
" " " " " 6400 

76 . 9  4 COEF 1 9475 2 1 .  227 1 0639 
" " " " " 1 6670 

0 0 - 702 - - 437 
6 . 2  1 c 1 357 1 .  889 - 304 
" " " " " -2 1 7  

1 7 . 6  2 c o  3420 5 . 527 96 
56 . 2  3 CDE 12477 1 6 .  165 1 680 

" " " " " 4079 
" " " " " 6479 

76 . 9 4 COEF 1 9475 2 1 . 227 1 1 43 1 

C 0 E F G 
o . o 4 o . o 1  o . o o 4  o . oo 1  o . ooo 4 

TABL E  1 6-6 
_l!: ONOM I CS SUM�11\IIY 

fEC iiNOLOGY Base 
DATE tliiX 198Q 

BAS I N  TOTALS WELLS  
DCF RATE MAX N O .  W I  LDCIIT 

OF RETURN GAS RECOVER . MAX RECOV . PROSP . SUCCESS  W I  LOCAT DEVELOPMEIH 
% AT PR I C E  B C F  G I P  BCF  AT PR I C E  % Q.!!Y. PROD . IJ.RY PROD . TOTAL 

3 . 7  - 5 . 3 
1 3 . 8 463 ,63 84 IS. 1 83 I S  1 2 0  480 697 
I S . 8 1 494 1 494 92 48 . 3  55 52 569 2277 2953 
19. 1 
32 . 7  
40. 8 1 8 1 2  2020 85 66 . 1 33  65 839 3355 4293 
59 - 9 " " " " " " " " " 

77. 1 1 905 22 1 3  82 76 . 3 2 3  73  1 0 1 0  4040 5 1 45 

0 - - - 0 
9 . 6  - - 5 . 3 

1 8 . 5 463 463 84. 1 s . 1 83  1 5  1 2 0  480 697 
2 1 . 7  " " " " " " " " " 

32 . 7  1 494 1 494 92 48 . 3  55 52 569 2277 2953 
5 3 . 0  " " " " " " " " " 

59 . 9 1 8 1 2  2020 85 66 . 1  33  65 839 3355 4293 
9 1 . 4  

0 - - 0 
9 . 6  - - - 5 . 3  

1 2 . 8 - - " 

2 1 . 7  463 463 84 1 5 . 1 83  I S  1 2 0  480 697 
32 . 7 1 494 1 494 92 48 . 3 55 52 569 2277 2953 
53 . 0 
74 . 5 
9 1 . 4  1 8 1 2  2020 85 66. 1 33  65 839 3 355 4293 



ad vanc ed techno l gy econom i c s  are s ummar i zed i n  Tabl e  1 6 - 7 . Eva l u a 
t ions a r e  mad e  a t  d i scou n t  r a t e s  of 1 0 , 1 5 ,  a n d  2 0  p e r c e n t  a t  sev
eral gas pr i c e s .  Eac h  o f  the  24 case s s hown on e ac h  table i s  a 
compl e te eva l u a t ion . In o ther wo rds , the e n t i re b a s i n  i s  d r i l led 
and d eve l oped a s s umi ng that  t h i s  gas pr ice a nd d i s c o un t  fac tor pre
va i l . In e ach case the tab l e  shows the r a te o f  re turn and the ne t 
present  va l u e  ( pos i t ive o n ly when the r a te o f  re t urn e x c e e d s  the 
d i scoun t r a te ) . Wh e n  the n e t  pr esent va l u e  is  no t po s i t ive , t h i s  
s imply means tha t none o f  the gas w i l l  be r ecover a b l e  a t  t h i s  pr i c e  
and d i scount r a te . In Tab l e  1 6 - 6  th i s  o c c u r s  a t  the l owe s t  pr i c e  
of $ 1 . 5 0/MC F  a t  a l l  d i scoun t  r a te s , a t  $ 2 . 5 0/MC F  f o r  d i scount r a te s 
o f  1 5  and 2 0  percen t ,  and a t  $ 3 . 1 0/MCF for a d i s c ou n t r a te o f  2 0  
percen t .  As pr ice increase s ,  n e t  pre sen t va l ue b ec ome s pos i t ive 
a nd some g a s  become s recove rabl e .  Fo r e x ampl e ,  in  Ca s e  3 2 ,  at  a 1 5  
percent rate o f  r e t urn and $ 3 . 1 0/MC F , pre sen t va l ue i s  $ 2 5 9  thou
s and and 4 6 3  B C F  o f  gas become recoverabl e .  No te also that  pe rme
ab i l i ty l eve l s  from 0 . 0 4 to 0 . 0 1 md w i l l be e co nomi c .  Al l o the r 
perme ab i l i ty l eve l s  we r e  tes ted bu t proved uneconom i c . As pr i c e  
increa s e s , both ne t pre s e n t  wor t h  and recove r a b l e  g a s  i n c r e a s e ; 
i . e . , a t  $ 9 . 0 0/MCF , g a s  from permeab i l i ty l ev e l s  from 0 . 0 4 to 
0 . 0 0 0 1  md is rec overabl e .  Howeve r ,  the base c a s e  recove ry is s t i l l  
l e s s  than the max imum wh i ch cou l d  be recove red w i th advanced tech
no logy , as  s hown i n  Tabl e  1 6- 7 .  

The table s a l so s how the i nve s tmen t  requ i red per pro s pe c t  a nd 
the max imum n umber o f  prospe c t s  ava i l ab l e  i n  the b a s i n  a t  the 
pr ice . The to tal n umbe r  o f  we l l s  req u i red is a l so s hown . Compa r
i son of Tab l e s  1 6 - 6  and 1 6 - 7  w i l l  show the e f fec t of adva n c ed tech
no logy . An ove ra l l  s umma ry o f  the San Juan ba s in und i scovered 
t ig h t  g a s  that  is po te n t i a l ly produc t ive is shown i n  Ta b l e  1 6 - 8 . 
These e s t ima te s  for both base and ad vanced technology c a s e s  are 
c a l cu l a ted for g a s  pr i c e s  of $ 2 . 5 0 ,  $ 5 . 0 0 ,  and $ 9 . 0 0/MCF a t  a 1 5  
percent d i scoun t  rate . 

1 6 -17  



TABL E 1 6 - 7  
ECONUI1 1 C S  SUMMARY 

BAS I N  San J uan TECHNOLOGY Ad�aoced 
s u a  BAS I N  FOI\MAT I ON DATE Ha:t 19B!I 

AVERAGE PER PROSPECT BAS I N  TOTA LS WELLS 
PROF I T . K-LEVELS E & p GAS NET PRES . OCF  RATE MAX NO . Il l  LDCAT 

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROSP . SUCCESS W I LDCAT DEVE LOPMENT 
Cf,5E  NO . S /f1CF __ %_ NO . VALUE * _w__ ..!ff_ �M % AT PR I CE IICF  G I P  BCF  AT PR I CE � Q!rr. PROD . � PROD . TOTAL 

D i s coun t R a t �  1 0� 
160 1 21 1  1 .  50 1 7 . 6  2 c o  287� 5 . 52 7  - 1 82 7 . 9  - - - 1 5 . 1 

2 1  2 . 50  56 . 2  3 CDE 7950 16 . 1 65 2 360 2 3 .  1 1 �9� 1 �9� 92 �8 . 3  55  52  1 89 757 1053 
3 1  3 .  1 0  " " " " " 3802 3 1 .  7 " " " " " " " " " 

� I  3 . 50 76 . �  � CDEF 1 3979 2 2 . 6 2 1  5577  30 . 2 2020 2020 89 66 . 1 35 68 3�3 1 372 1 8 1 9  
5 1  5 . 00 " " " " " 1 0682 5 2 . 3 " " " " " " " " " 

6 1  7 . 00 88 . 7  5 CDE FG 1 88�0 2 5 . 786 1 886� 72 . 3  22 1 3  2 2 1 3  86 76. 3  2� 76 �56 1 82 5  2 38 1  
7 1  9 . 00 " " " " " 26700 1 0� . 0  
8 1  1 2 . 00 " " " " " 38�55 1 50 . 8  

1-' 
O i scoun t Ra te  I S":'. 

1 2  I . 50 6 . 2  1 c 1 552 1 . 889 - 508 2 . 3  - - - 5 . 3  
0'1 22 2 . 50 56 . 2  3 CDE 7950 1 6 .  165 1 0 1 8  2 3 .  1 1 �9� 1 �9� 92 �8 . 3 55  52  1 89 757 1 053 1 32 3 . 1 0  " " " " " 2039 3 1 . 7  " " , ,  
1-' 
CX) 42 3 . 50 " " " " " 2 720 3 7 . 5 

52 5 . 00 76 . 9 � CDEF 1 3979 2 2 . 6 2 1  6529 52 . 3  2020 2020 89 66.  1 35 68 3�3 1 372 1 8 1 9  
6 2  7 . 00 88 . 7 5 CDEFG 1 88�0 2 5 . 786 12037 72 . 3  22 1 3  22 1 3  86 76 . 3  2�  76 �56 1 82 5  238 1  
72  9 uo  " " " " " 1 7625 1 0� . 0 
8 2  1 2  0 0  " " " " " 26007 1 50 . 8 

[J i scou n t  Ra t e  70'1, 
1 3  I . 50 0 0 - 1039 - -620 0 - - 0 
2 3  2 . 50 1 7 . 6 2 co 287� 5 . 527 - 12 8  1 7 .  � - - 1 5 .  1 
3 3  3 . 1 0  56 . 2 3 COE nso 16.  165  1 068 3 1 . 7  1 �9� 1 �9 4  92 48. 3 55 52 1 89 157 1 053 
'•3 3 . 50 " " " " " 1 582 37 . 5 " " " " " " " " " 

5 3  5 . 00 " " " " " 3 5 1 7  59 . 7 
G3 7 . 00 76. 9  4 CDEF 1 3979 2 2 . 6 2 1  787� 84 . 0 2020 2020 89 66.  1 35 68 343 1 372 1 8 1 9  
73 9 . 00 88 . 7  5 CDEFG 1 8840 2 5 . 786 1 2 � 1 6  1 04 . 0  22 1 3  22 1 3  86 76 . 3 2 4  76 456 1 82 5  2 38 1  
83 1 2 . 00 " " " " " 1 8799 1 50 . 8  

•· C OD E : C D E F G 
0 . 0 �  0 0 1  0 . 0 0 �  0 . 00 1  0 . 000 � 



TABLE  1 6 ·8 
SUMMARY OF SAN JUAN BAS I N  GAS POTE NT I AL 

( BC F )  

B A S E  AD V AN C E D  

B A S I N  S U B - B A S I N  F O R M AT I O N S 2 . 5 0  s s . o o  5 9 . 0 0  $ 2 , 5 0  s s . oo 59 . 00 

I-' � 
I I-' 

Sa n J u a n  0 1 494 1 8 1 2  1 494 2020 22 1 3  1.0 



TABLE 1 6-9 

Exploration Performance - S an Juan Basin 

1 96 0  - 1 969 1970 - 1977 1 96 0 - 1 9 7 7  
Al l New New R:lols and Al l New New R:lols and Al l New New R:lols and 

Wells F ields Deeper Prod. Wells F ields Deeper Prod. Wells F ields Deeper Prod. 

Number of Successful Wildcat Wells 
Total 82 35 47 4 0  38 2 1 22 73 49 

Gas 4 9  1 0  39 1 5  1 5  0 64 25 39 

Oil 26 2 3  3 25 23 2 5 1  46 5 
Oil and Gas 7 2 5 0 0 0 7 2 5 

Amount of Petroleum Fo und 
Total ( MMBOE ) *  1 3 2 . 6 7 2 .  1 60. 5 20. 9 1 5. 5  5. 4 1 5 3 . 5 87. 6 65. 9 

Gas ( BCF) 349. 0 59. 0 2 9 0 . 0 2 9 . 6  2 9. 6  0 378. 6 88. 6 2 90 . 0 

Oil ( MM  Bb l )  3 1 . 4 3 1 .  1 0 . 3 1 5. 3  9. 8 5 . 5 46. 7 4 0 . 9 5 . 8 

Number of Wildcat We lls 
I-' Total 5 0 7  429 78 327 320 7 834 749 85 
0'\ Gast 3 0 3  2 5 7  46 1 2 3  1 2 0 3 426 377 4 9  
I 

Oilt 1 6 1 1 36 25 204 2 0 0  4 365 3 36 29 
N 
0 Oil and Ga s  43 36 7 0 0 0 43 36 7 

Nmtber of Wildcats Oil and Gas Per Year 5 1  43 8 4 1  40 1 46 42 4 

Percent Wildcats Succe ssful 
Total 1 6. 2 8. 2 6 0 . 3 1 2 . 2 1 1 . 9 28. 6 1 4 . 6 9 . 7 57. 6 

Gas 1 6. 2  3 . 9  84. 8 1 2. 2  1 2. 5  0 1 5. 0  6. 6 79. 6 

Oil 1 6. 1 1 6. 9  1 2 . 0 1 2 . 3 1 1 . 5  5 0 . 0 1 4. 0 1 3. 7 1 7. 2  

Oil and Gas 1 6. 3  5. 5 7 1 . 4  -- -- -- 1 6. 3  5 . 6  7 1 . 4  

Amount Found/ Successful Wildcat 
Total ( MMBOEE ) 1 .  6 2. 1 1 .  3 0 . 52 o. 4 1  2 .  7 1 .  3 1 .  2 1 .  3 
Gas ( BCF) 7. 1 5. 9 7. 4 1 .  97 1 .  97 -- 5. 9 3. 5 7. 4 
Oil ( MM  Bbl) 1.  2 1 .  4 o. 1 o. 6 1  0 . 43 2 . 8 0. 9 0 . 9 1 .  2 

Average Depth of We l ls 
Oil ( M  Ft) 3. 52 3. 22 3. 3 8  5. 2 8  5. 33 5. 30 4. 3 8  4. 2 7  4. 3 3  
Gas (M Ft) 7 . 04 6. 1 0  6. 88 5. 79 5. 78 5 . 78 6. 75 5. 9 1  6. 5 

*Includes gas in solution with oil and condensate produced with gas . Conver stion 5. 8 MCF = 1 barrel of oil . 
tEstimated by mul tiplying the number wi ldcats by the same percentage distribution as the successful wi ldcats . 
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CAOF Isopo te n t i a l  • . . . . . • . . • . . • . . . • . . . . • . . • . . . • •  

F i e l d  S i z e  Di s tr i bu t ion o f  Pro d uc i b l e  Ga s ,  
Va l Ve rde Ba s i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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VAL VE RDE BAS I N ,  WE ST TEXA S  

OZ ONA-S ONORA AREA 

PERMO-PENNSYLVAN IAN 
CANYON SAN DSTONE TREN DS 

Th e Ozo na-Sonora t ig h t  g a s  reservo i r  trend s  are loca ted in 
southwe s tern Te xa s , pr imar i ly i n  the e a s tern two-th i r d s  o f  the Va l 
Ve rde Ba s i n . Th e area e x t ends e a s tward onto the Edwa rds Pl a t fo rm 
( Arch ) and nor thwa rd o n to th e Ozon a Arc h  ( F i gure 1 7 - 1 ) . Pr i n c ipa l 
pros pe c t ive s and s tone trend s  are w i th i n the La te Pe nnsyl va n i an and 
Ear ly Pe rmi a n  Ca nyon Ser i e s  and e x tend across s i x c o un t i e s : nor t h 
we s tern and e a s t-central Edward s , northern Va l Ve rde , a l l  o f  Su tton 
but the northeas t ,  we s te r n  Sc h l e i che r , s o u th e r n  Cro cke tt and nort h 
eastern Te rre l l  ( F i g u r e s  1 7 -1 a nd 1 7- 2 ) . Va l Ve rde a n d  Edwa rd s are 
i n  Ra i l road Commi s s ion Di s tr i c t  1 ,  the others in Di s tr i c t  7C . An 
outl ine of the prod uc t ive Canyo n trends encomp a s s e s  abou t 3 , 8 0 0 
sect ion s , w i th abou t 7 5 0  s e c t ions e s t imated to h ave pro ven pro d u c 
t ion o f  g a s  and cond e ns a te . 

Th e Va l Ve rde Ba s i n  fo rmed dur ing La te Pa leozo ic t ime . Ma x imum 
th i ckne s s  of sed ime n ta ry rocks in th e Ozon a-Sonora area may be 
abou t 1 8 , 0 0 0  f ee t ; i n  the de epe s t  par t  of the Ba s in ,  the sed ime n
tary sect ion a t t a i n s  a th i ckne s s  of 2 8 , 0 0 0  fee t ,  ma in l y  o f  Penns y l 
van ian age .  Th e area o f  t h e  asymme tr i c  depr e s s ion i s  abou t 2 3 , 0 0 0  
square m i le s . Th e Bas i n  a b u t s  a g a i n s t  the Oua ch i t a -Mara tho n Fro n 
t a l  Fo ld Be l t  on t h e  sou thwe s t , t h e  Re ag a n  Upl i ft a n d  s o u th pl unge 
of th e Cen tr a l  Bas i n  Pl a t form on the northwe s t ,  and the f lank o f  
the Dev i l s River Upl i f t  to the sou theas t .  Va l Ve rde i s  one o f  
three bas i ns w i t h  ma j or o i l  a n d  g a s  pro d uc t ion c ompr i s i ng th e Pe r
m i an Ba s i n comp l ex , the others be ing the De lawa re to the nor thwe s t  
and th e M id l and t o  t h e  nor t h . 

Surface ro cks i n  the area of the t i g h t  g a s  r e s e rvo i r  trends are 
in the Cretaceou s Sy s tem . Sed imentary rock s o f  Jur as s i c  and Tr ias
sic  age  are absent i n  the  s t udy are a ( F i g ur e  1 7 - 3 ) and  th e Cre t a 
c eou s Sy s tem d i re c tly and u n confo rmably overl i e s  t h e  Pe rmi an and 
Penns yl van i a  Sys tems . Al l pr e - Penns yl van i an syst ems are be l i eved 
to be repr e sented in the Va l Ve rde Ba s i n , a l thoug h  the M i s s i s s ip
pian is re s tr i c ted to the south we s tern th ird , and S i l ur o -De vo n i a n  
rocks a r e  pre s e n t  o n l y  i n  the we stern hal f . 

Combi ned Ord ov i c i an El l e nburge r Forma tion and Cambr i an rock s 
reported l y  range from l e s s  than 2 , 0 0 0  fee t th i ck i n  the we s t  to 
abou t 3 , 0 0 0  feet i n  the e as t . Th e younger S imp son Gr oup th i ckens 
southwe s tward from a t r unca ted ed ge i n  the e a s tern part  o f  th e 

1 7 - 1  
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bas i n  to mo re than 2 , 5 0 0 f e e t  in  the we s t . Above the S imp so n , 
Uppe r Ordo v i c i a n  Montoya group ro cks th i cken from a tr uncated edg e  
i n  the central part o f  the ba s i n to mo re than 5 0 0 f e e t  in  the we s t . 
S i l uro-Devon i an rocks are more than 5 0 0  f e e t  th i ck i n . the c e n tr a l  
sector o f  t h e  ba s i n bu t a r e  trunca ted eas twa rd . S im i l ar l y , the 
overlying Upper Devon i a n  Wood ford Sha l e  is t r un c a ted e a s t ward from 
a max imum of abou t 2 0 0 f e e t  in  the ba s i n ' s  c e n te r . Ro ck s o f  Mi s
s i ss ipp ian age are th i n  or absent  in the Ozon a-Sonora are a . 

The Pennsyl van i a n  Sys tem i s  e x treme ly th i ck i n  the area o f  
i n tere s t ,  muc h  of t h e  th ickness  a t tr ibu ted to t h e  C a nyo n Se r ie s . 
Pre -Str awn ro cks o f  Atokan age th i cken southeas tward from a tru n 
c a ted edge in  the north-central par t of t h e  bas i n ,  b u t  g e ne r a l l y  d o  
n o t  exceed 5 0 0  fee t i n  t h e  s t udy are a . Th e Str awn Se r i e s  o f  De s 
mo ine s i an ag e a l s o  th i cke ns sou theastwa rd to i n  e x c e s s  o f  1 , 0 0 0  
fee t .  The con t inental she l f  edge wa s located near a nd t o  th e 
southeast of the Va l Ve rde Ba s i n  dur ing Early and Me d i a l  Pe nnsyl 
van ian t ime , th us accou t i ng for the t h i cke n i ng o f  Lower and Midd l e  
Pe nnsyl va n i an rock s i n  th a t  d i re c t ion . 

As a resul t of pl a te co l l i s ion and s u t ur ing a l ong the anc i e n t  
she l f  marg i n , a ma j or mounta i n-bu i l d i ng epi sode oc c urred d u r i n g  
La te Pe nnsylva n i a n  t ime al ong and ad j a ce n t  t o  t h e  s o u th f l ank o f  
the bas in i n  the Ouach i t a  Fronta l Fol d Be l t  ( F i gu r e  1 7 - 1 ) .  From 
th i s  rapid ly e l eva t i ng po s i t ive , great quan t i t i e s  of d e t r i tu s  we re 
shed i n to the s e a  oc cupy i ng the s ubs i d i ng b a s i n ,  form i n g  the th i ck 
s ui te of Canyon depo s i t s  above the St rawn . The s e  un i t s  a c c umul a ted 
from th e Ouach i t a  Front nor thward . Thu s ,  the oldes t ( M i ss o u r ia n ) 
s equence i s  th i cke s t  i n  the ba s i n depoce n te r , a nd each s u c ce s s i ve 
un i t  be come s progr e s s ive ly th i cker i n  a gen e r al ly northern d ire c
t ion onto the so-c al led In terme d i ate Sh e l f  wh ere the ma i n  g a s  
trends are located . 

As shown o n  F ig ur e  1 7- 4 , the struct ure on the top o f  th e De s 
mo i ne s i an St rawn carbonate sequence d i ps sou thwe st . Th e bas inal  
ax i s  a t  that level i s  a long the  southwe s tern marg i n ,  ad j ac e n t  to 
the Ou ach i ta Fron ta l Fo ld Be l t , beyond the mapped area o f  F i g u r e  
1 7 - 4 . Howe ve r ,  th i ck l owe r Canyo n  ( Mi s s o ur i a n ) s h a l e s  f i l l  th i s  
depr e s s ion so tha t ,  i n  the Ozo na F i el d , a s  an e x amp l e ,  the Ca nyo n 
sands tone reservo i r s  ( Virg i l i a n - Ear ly Wo l fc amp i a n ) d i p g e n t ly 
towa rd the Ozona Ar ch to the north ( F i g u r e  1 7 - 3 ) . A prove nance to 
the north s uppl ied some of the sed ime n t  that wa s depos i ted d ur ing 
the l a ter s tag e s  of Canyo n depo s i t ion . 

Ab ove the Canyo n ,  Uppe r Wo l f c amp , Leonard and Guad a l u pe Se r ie s  
o f  the Pe rmian Sys t em comp l e te the Pa leozo i c  s eq u e n c e  tha t dom i 
nates the s tr a t igraph i c  s e c t ion i n  the Va l Ve rde Ba s i n . Al l of 
these un i t s  are t r uncated southward across the ba s i n ,  a s  s h own 
d i ag rama t ic a l ly o n  F i g u r e  1 7- 3 . 

Th e Ozona Canyon i s  trunca ted sou thwa rd a lo ng a g e ne r a l l y  
eas t -we s t  arcuate l i ne through Va l Verd e Co un t y  ( F i g ure s 1 7 - 2  an d 
1 7-5a ) . Th i s  places  a southern l imi t on the t igh t r e s e rvo i r  g a s
pl ay i n  tha t are a . In add i t io n , mos t  of th e Ozona s and s tone un i t s  

1 7 - 5  
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that are pr eserved near the tru nca t ion edge are e s s e n t ial ly c lay
fre e , but they repor ted ly are t i ght in much of tha t are a , h av i ng 
been thoroughly c eme nted by s i l i c a . 

No r th of the e s tab l i shed prod uc ing trend s , the s a nd s tone reser
vo irs th i n  depos i t ional ly and by in tra forma t ion a l  eros ion at  m i no r  
unconformi t ie s  separa t i ng cyc l i c  u n i t s  ( F i g u r e s  1 7 - Sa , Sb , a nd Sc ) .  
Hence , the poore r -qua l i ty c l ayey sands tone be d s  a long the e s ta b 
l i shed trends prov i d e  t h e  o n l y  g a s  reservo irs  and , e x cept loca l ly 
( F igure 1 7 - Sc ) , th ey h ave l ow pro d uc ib i l i t ie s .  Th ey are a b se n t 
over the Ozona arch ex cept in we stern Sc h l e icher Co u n ty and e a s tern 
Crocke t t  County . There for e , the mos t  prospe c t i ve areas and reser
vo ir sect ions are  al ready we l l -d e f i ned . 

To the southe a s t ,  the c u t-o f f  on e s tab l i sh i ng comme r c i a l  pro
duct ion appears to be the cre s t  o f  th e Edwar d s  Arc h .  No prod u c t io n  
o f  comme rc i al impo r tance i s  pr e s e n t  o n  the e a s tern fl ank o f  the 
Arch or in  the ne arby Ker r  Bas i n  to the eas t .  

De pos i t ion al , eros i onal  and d i agent i c  proce s se s ,  i n  c omb ina t io n  
w i th wide spread pre-C r e taceous me teor ic wa ter recharge , a l l  pl aced 
de f i n i te l im i tat ions on e n trapment and pre s erva t i o n  of gas in th e 
Ca nyo n Se r ie s . As d i s c u s sed under Gas Source Rock s , the re l a t ively 
early ( Pe rmian Per iod ) e xp u l s ion o f  gas from the deep source ro cks 
was fo l l owe d by c oo l i ng , g reatly red uc ed p r e s s u r e s  and conseque n t  
suspe nded gas  genera t io n  i n  s ource ro ck s ; al l o f  these fac tors im
pos ed add i t ional l im i tat ions o n  the amoun t of g a s  in the s e  trend s . 

Tight Gas Forma t ions 

Th e t igh t gas re servo irs  i n  the Ozo na-So nora trends are pr i
mar i l y i n  cl ayey t urb i d i te sands tone . Some are de scr ibed a s  bar s 
and channe l s . Al l are cons id ered of La te Pe nnsyl va n i an ( Vi rg i l i an 
and M i s s o ur i a n ) age and Ear ly Pe rmia n ( Wo l fc amp i a n ) ag e ,  and are 
ass ig ned to the Canyo n Se r ie s  ( F i g u res 1 7 - 2  and 1 7- 3 ) . Several  
large f i e l d s  and ma ny sma l l  f i e l d s  h ave bee n  d i s co vered a long the s e  
trends ( Ta b le 1 7- 1 ) . Th e ma j or ga s-produc t ive z o ne s  a r e  the 
Virg i l ian-Wo l fc amp i a n  Ozona sands tone to the we s t  and the olde r 
Vi rg i l i an Sonora Sand s tone to the e a s t . M i nor ove r l ap o f  these 
trends o c c urs i n  Cro cke t t  County ( F i g ur e  1 7 - 2 ) .  Th e Epp s Sand s tone 
( Vi rg i l i an and/o r M i s sour ian ) b e low the Sonora is a l s o  par t  of the 
Canyon Ser i e s  and is local ly impor tan t as a deep pro d ucer o f  g a s  
from t ig h t  re servo irs  a l ong the sou thern ma rg i n  o f  t h e  Sonora pro
duc ing trend . Th e Epps and Sonora trends par t i al ly over l a p  ( F i gure 
1 7- 2 ) . Th e deepe s t  prospe c t ive t igh t gas reserv o i r s  are i n  the Ray 
San d s tone ( F i gur e  1 7 - 3 ) ; the Ray San d s tone zone i s  the th i n ne s t  o f  
the t igh t g a s  re servo i r  i n te rva ls in  th i s  g e ne r a l  area . Al l are 
cons iderab ly unde rpre ss ured . 

Subs tant i a l  gas  reserves o f  a more con ve n t ional  nat u re h ave 
been deve l oped local ly in carbona te s of the M i d d l e  Pe nnsyl va n i an 
Strawn Ser i e s  wh i ch i s  be s t  d evel oped a lo ng and to the south o f  the 
Ozona-Sonora trends . Ge neral ly t ig h t  Early Pe rm i an Wo l f c amp Se r i e s  
sand s tone reservo irs  are cons idered pros pe c t ive f o r  g a s  t o  t h e  we st 
of the Ozona tre nd but are not cons idered i n  th i s  e va l u a t ion 
because of l imi ted contro l . 
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TABLE 1 7 - 1  

Ozona - Sonora -Epps Trends 
Field  Status Janua ry 1 ,  1 9 7 7  

Cumulative 
D i s c ove ry We l l s  Gas , BCF + COND . , 

Field  C ounty Year Active ( Inactive ) 1 000 Bbl s  

Pe rmian Wo lfcamp Re s e rvo i r s : 
K . M .  Terre l l  1 9 7 4  5 5 . 00 1 0 9  

Pennsylvanian Ozona Canyon Res e rvo i rs : 
Brown-Bassett  Terre l l  1 9 6 1  1 ( 1 ) 2 . 40 6 . 5  
Ozona Crockett 1 963 37 1 ( 1 9 ) 255 . 50 1254  
Davidson Ranch C r o c kett 1 9 65 7 1 .  80 38 . 1  
Morrison  Cro ckett/ 1 966  1 0 . 7 4 

Va l Verde 
Adams Baggett C ro c kett 1 9 7 0  44 1 .  90 1 . 8  
Euluone Crockett/ 1 9 7 4  3 ( 1 )  0 . 32 

Val Verde 
Mi l le r  Crockett 1 9 7 5  1 0 . 005 
Cox Crocke tt 1 9 7 6  1 0 . 0 1 9 

Subtotal  262 . 68 1 5 63 
Pennsylvanian Sonora Canyon Reservo i r s : 
Sonora Sutton 1954  1 09 ( 5 1 ) 1 0 0 . 0  294  
Roberts Sutton 1 960  2 ( 3 ) 1 .  60 2 . 2  
Me irs Sutton 1 962 16 ( 2 )  7 . 10 
Baggett Crockett  1 964 1 0 . 55 
Deni son  Sutton 1 965 1 ( 1 ) 0 . 04 
Lucky Lucy Sutton 1 9 65 ( 1 )  0 . 09 
Davidson Ranch Crockett 1966  56 55 . 00 43 
Ozona , N . E .  Crockett/ 1 9 66 32 ( 3 ) 7 . 00 1 03 

Schlei che r 
Rock Springs Edwa rds/  1 9 6 7  3 ( 2 ) 0 . 50 

Sutton 
X-Ba r S chle i che r 1 9 67 ( 1 ) 0 . 06 
Sawye r Sutton/ 1 9 6 7  632 ( 10 )  1 34 . 3  5 1 8 

S chle i che r 
Buckho rn , N .  S chlei che r 1 967  1 ( 1 ) 0 . 08 1 2  
W. J . B .  S chleiche r 1 9 7 0  4 1 . 5 0  1 1 . 4 
N . Branch Sutton 1 9 7 0  2 0 . 36 
Henry Speck  S chle i cher  1 9 7 1  9 0 . 33 2 . 3  
Inter s tate Sutton 1 9 7 1 5 0 . 35 
Espy Sutton 1 9 7 2  1 1  4 . 00 1 7 . 2  
Shurley Ranch Sutton 1 9 7 2  29 8 . 5 7 1 0 . 2  
Mayer Ranch Schlei che r/ 1 9 7 3  1 2  0 . 5 1  1 . 0  

Sutton 

1 7 - l l  



TABL E 1 7 - 1  ( Conti n ued ) 

Dis cove ry Wel l s  
Fie l d  County Yea r  Active ( I na ctive ) 

Roy Baker Edwa rds 1 9 7 3  1 1  
Companero , N .  E dwa rds 1 9 7 3  2 ( 1 )  
Companero E dwa rds 1 9 7 3  8 
Companer o , E .  Edwards 1 9 7 3  1 1  
Pan-Gi l E dwa rds 1 9 7 5  5 
Hac kb e r ry C reek Edwa rds 1 9 75 6 
Shanklin Edwa rds 1 9 76  1 
Sonora Sutton 1 9 7 6  1 

Sub tota l 

Pennsylvanian Epps Canyon Re s e rvo i r s : 
Holman Ranch Sutton/ 1972  1 7  

Edwa rds 
Franci s  H i l l  Sutton/ 1 9 72 34 

Edwa rds 
Aldwel l  Ranch Sutton 1 9 7 3  52  
Ja ck  Mann Edwa rds 1 9 7 3  7 

Canyon 

Pennsylvanian St rawn Res e rvo i r : 
Vinega rone Va l Verde 

Other (no spe c i f i c  data ) : 
Polecat  C reek Edwa rds 
Ka rnes Sutton 
John Rae S chleiche r 
JM Crockett 
Mor r i s on , SE Va l Verde 

1 95 1 1 1  

Epps Reservo i r  
Epps 
Epps 
Canyon 
Canyon 

( 4 )  

( 4 )  
Sub tota l 

Series  Total  

( 3 ) 

F u ture Explor a t ion Po ten t i a l  for Na tural Gas 

Cumu l a t ive 
Ga s , BCF + COND . , 

1000  Bbl s  

0 . 7 9 
0 . 08 
0 .  7 1  
0 . 74 
0 . 23 
0 . 12 2 
0 . 02  

324 . 65 1 0 1 6 . 58 

1 3 . 09 74 . 3  
1 5 . 84 1 1 7 
25 . 60 1 7 . 7  

0 . 26 0 . 7  
54 . 7 9  200 . 7  

642 . 1 2 2209 . 9  

7 7 . 70 

Mu c h  of the rema i n i ng poten t i al in  the Ozo na-Sonora area w i l l  
b e  real i z ed by i n -f i l l  d e ve lopme n t  dr i l l i ng a nd by e x te n s ion s . 
Al s o , d e epe r-pool w i l d c a t s  to pre-Ca nyo n conve n t ional reservo i r  
ob j e ct i ve s  in  th e Str awn , De von ian , S i l ur ia n  F u s s e l ma n ,  a n d  Ordov i 
c i an El l e nburge r sho u l d  f i nd s ub s ta n t i a l g a s  r e s e rves ma i n ly i n  
s truct ures protec ted from f l u s h i ng . In the t i gh t re se rvo i r s  o f  the 
Wo l f c amp Se r i e s  we s t  of the Ozo na trend , add i t ional g a s  can be 
e xpe cted in s a n d s tone p ay s . 

Un conve n t ion a l  und i scovered ga s -pro d u c i n g  po te n t i a l  i s  env i 
s io ned for a ma x imum of about 1 5 0 ad d i t ional s e c t ions i n  the Ozo na 
Ca nyon trend , wi th a s  ma ny a s  7 5  s e c t ions i n  Cro cket t Co un ty , up 
to 6 5  prospe c t ive s e c t ions i n  northeas tern Te rre l l  Cou n ty and per
haps 5 to 1 0  s e c t ions i n  northern Va l Verd e .  Opt imi s t ical ly , 3 5 0  
s e c t ions i n  the So nora Ca nyo n and Epps -Ray Ca nyo n trend s may become 

1 7 - 1 2  



prod uct ive w i th ad vanced technology and h i gher g a s  pr i ce s .  Th i s  
i nc l ud e s  2 5 0 s e c t ions of prospe c t ive So nora ( 9 0 s e c t ions i n  Ed 
ward s , 7 5  i n  Cro cke t t , 3 5  i n  Sc h l e i che r , and 5 0  i n  Su tto n  Co unty ) ,  
w i th abou t 1 0 0  s e c t ions i n  th e deeper Epps -Ray r e servo i r s , ma i n l y  
i n  Edwar d s , Sut to n , a n d  Cro cke t t  Co unt ie s .  O f  the poten t i a l  Epp s 
Ray acreag e ,  abou t 1 0  s ec t ions are rated a s  probably pr od u c t ive 
eventual ly , 20 s e c t ions a s  poss ib ly prod uct i ve and the r ema i n i ng 
7 0  s e c t ions as spe c u l a t ive . 

Th e So nora acreag e  i s  r a ted a t  abou t 2 0  s e c t ions probably pro
d uct i ve , 5 0  sect ions po s s i b l e  and 1 8 0  s e c t ions w i th spe c u l a t ive 
potent ial . In v i ew o f  recent deve lopme nts d i s c u s s ed be l ow , th i s  
po tent i al i s  now cons idered h i ghly s pe c u l at ive , r e g a rd l e s s  o f  g a s  
p r i c e s  and technology . Th e breakd own on Ozo na acreage i s  2 0  
sect ions w i th probab ly-product ive capab i l i t ie s ,  1 5  s e c t ions w i t h  
l e s s  d e f i n i te po te n t i al and the rema i n i ng 1 1 5 s e c t ions rated a s  
spe c u l a t ive . 

Wi th ad vanced technology a t  $ 9 . 0 0/MC F and 1 5  percent d i s c o unt 
rate ( D . R . ) ,  the ma x imum amoun t of ul t ima te ly recove rab l e  und i s c ov
ered Ozona trend gas is e s t ima ted to be abou t 6 0 0 B C F ; w i th bas e  
c ase tech nology a t  the same pr ice and D . R . , 1 8 0  B CF . For the 
Sonora trend gas po ten t i a l , inc l ud i ng eve n t u a l  Epp s -Ray o u tpu t , 
e s t ima tes are abou t 1 , 8 8 0 B C F  for an advanced c a s e  and 6 9 0 B CF for 
base case technology . As s uming s ucce s s f u l  u t i l i z a t ion of ad vanced 
c ase technology i n  the near futur e , the n , the h ig h er pr i c e  cou l d  
e s sen t i al ly double the vo l ume o f  gas u l t ima te l y  recovered from Ca n
yon Se r ie s  sands tone reservo i r s  throughou t the s i x -county area . It 
w i l l  take gas pr i c e s  i n  the range of $ 5 . 0 0 to $ 9 . 0 0  ( 1 9 7 9  d o l l ar s ) 
per MCF to ach ieve subs tan t i a l  rese rve i n c re as e s . 

Two d i sparate hypo th e s e s  must  be tes ted i n  pa r t s  o f  the Sonora 
trend be fore the u l t ima te po te n t i a l  of th e Ca nyon can be ad eq u a te l y  
a s se s s ed . On e hypo the s i s ma i n ta i ns tha t the Canyo n encomp a s s e s  
mul t i ple unconve n t ional l ow-grade g a s  re se r vo i rs con s i s t i ng o f  
th ick sandy , s i l ty a n d  arg i l laceou s i n te rva l s , a l l  conf i n i ng a 
grea t vo l ume of combu s t i b l e  nat ural ga s .  Much o f  the g a s  i s  co n
s id e red to be re cove rab le , a nd can be r e l e ased by f l ex-spaced we l l s  
and ma ss ive fract ur i ng techno logy . The s e cond hypo the s i s  con tends 
that much of the So nora Canyo n cons i s t s o f  n ume rou s  th i n , l ow
produc i b i l i ty ,  l ow -capac i ty conve n t ion a l  sands tone reservo ir s , sep
ara ted by r e l a t ive ly th i cke r , n onproduc t ive , e s s e n t i al ly impe rv i o u s  
arg i l l aceous i n terva l s . As s uc h , t h e  reservo i r s  w i l l  n o t  respond 
to ma ss ive frac t ur e  treatme nts or inf i l l -d r i l l i ng . They conta i n  
sma l l  gas resource s ,  unde rgo rap id i n i t i al d ec l in e , then produce a t  
a low r a te , d eve lop s e r i o u s  wa ter-prod uc t io n  prob lems , a nd are 
deple ted d ur i ng a f ew years o f  poor prod u c t ion . 

Rec e n t  d eve l opme n t s  seem to s upport hypo th e s i s  2 i n  tha t  a 
wa ter pr oblem does i ndeed ex i st i n  pa r t  o f  the trend ; d e c l i ne 
rate s on some wel l s  h ave been rap i d , and pro d u c t ion r a te s for g a s  
are qui te l ow . Co nseq ue n tly , r ese rvo i r  depl e t ion h a s  o c c u r red 
muc h more q u i ckly than ant i c i pated , and some wel l s  a l ready have 
been pl ugged . On ly a few we l l s have been t r e a ted by MHF ,  h owe ve r .  

1 7 - 1 3  



Thu s , the vo l ume o f  gas con tr i buted from the t ig h t e r  i n terva l s , 
a nd the eventual  re spo nse to and s uc ce s s  o f  both MHF a nd i n f i l l  
d r i l l i ng r ema i n  l arge ly unkn own fac tor s . 

Ava i l able geoch emical d a ta te nd to s upport hypo the s i s  2 from 
the s tandpo i n t  of l im i tat ions on i n-pl ace g a s  i n  par t s  of the 
trends . The t i ghter par ts o f  th e Ca nyon s e c t ion conta i n  l i t t l e  
i nd i g e no u s  g a s , b e c ause arg i l laceo u s  rock s al ong these trend s  to a 
d epth o f  1 0 , 0 0 0  f e e t  or more e v iden t ly h ave not a t ta ined pe ak 
g a s-ge ne r a t ion . In fac t ,  they we re in an early g a s- g e nerat ion 
s tage up to  the t ime of f l ush i ng by re charge wa ter be for e Cre t a 
c e o u s  c ove r wa s prov ided , a f ter wh ich g a s- g e ne r a t ion wa s arre s ted 
as a re s u l t  of coo l i ng and degrad a t ion of organ i c  ma t te r .  Th e 
appr e c i ab le underpr e s s ur ing s ugge s t s  th a t  large quan t i t i e s  o f  g a s  
h ave e sc aped , probab ly by d i f f u s ion a t  a s l ow r a te thro ugh the 
age s . Qu i te l ike ly , cons id erable qua n t i t ie s  of so l u t io n  gas a l s o  
were s wept away from me teor i c  wa ter i nvad ed th e Ca nyon be fore the 
Cre tac eou s cover r e s e a l ed the sect ion . On ly tho s e  pa r t s  of the 
trend s mos t prote c ted from the inva s ion by r e c harge wa ter s t i l l  
conta i n  l a rg e  vo l ume s o f  i n-pl ace ga s ;  th i s  i s  g a s  wh i c h  i s  l arge ly 
non - i nd i genou s , h a v i ng m ig ra ted from the depocen te r s  i n  the deepe r  
parts o f  the Va l Ve rde Ba s i n . 

A cons eq ue nce of the chem i cal degrad a t io n  o f  the org a n i c  ma tte r  
by oxygena ted re charg e  wa ter wa s a s e r i o u s  ad ve r s e  e f fe c t  on c a r 
bon i z a t ion me a s u r eme n t s . It i s  no long e r  po s s i b le to obta i n  a c c u
r a te the rmal ca rbon i za t ion l e ve l s  from the organ i c  ma t te r  i n  much 
o f  the Ba s i n . Ava i l able ca rbon i z a t io n  d a ta r e f l e c t  both chemi cal  
a l tera t ion and the rma l a l terat ion and are coni sd erab l y  h i gher than 
wou l d  be expected s o l e l y  from the therma l h i s tory . Th e trend s we re 
s e r i ou s ly a f fe c te d , for e x ampl e ,  in southwe s tern S u t to n  and s outh
e a s tern Cr ocke t t  Co u n t ie s . Th us , ma ny reservo i r s  a l ong the Ozo na
So nora trends con ta i n  re s id ua l  therma l -g a s  accumul a t ions appr e c i 
ab l y  deple ted b y  natural processes  pr i or t o  d i s co ve ry . The be s t  
produc t ion i s  from down-d i p  re servo irs , o f te n  i n  r e l a t ive ly c lean , 
more pe rmeable sands tone s  comparat i ve ly i so l a ted by ro cks o f  muc h  
poorer r e s e rvo i r  qua l i ty .  Th i s  pa r t i a l  i s o l a t ion prov i d e s  a h ig h er 
degree o f  pro t e c t ion from the d amag i ng e f fe c t s  o f  me teor i c  wa te r 
i nvas ion than wa s ava i l able g e neral ly . 

If  the e v i d e nc e  tha t the Canyo n cons i s t s  o f  th i n  conve n t ional  
r e s ervo i r s  is  borne out  by s ubseq ue n t  pro d u c t ion res u l t s , and  i f  
these type s of re servo irs are w i d e spr ead , then the op t im i s t i c  
res erve e s t ima t e s  pre sented i n  th i s  repor t may h ave t o  b e  d own
g raded s ub s tan t i a l ly . 

Pub l i shed E s t ima t e s  o f  Ozona -Sonora Gas Prod u c t i v i ty 

Spe c u l a t ive e s t ima tes of the g a s  po te n t i a l  i n  the Ca nyo n sand
s tone trend s , and i n  the older Str awn trend h a ve been a s  h i gh as 3 6  
TCF . Th i s  h ig h  e s t ima te wa s based on the h ig h ly un l i ke ly a s s ump
t ion tha t abou t 6 0  percent o f  a 1 5 , 0 0 0  square m i l e  area i n  n in e  
coun t i e s  ( i nc lud i ng Ir ion , Ster l i ng , a nd Tom Gr ee n ) eventua l ly 
wo u ld become ga s -product ive , w i th four d evel opme n t  we l l s per se c 
t ion ave r ag i ng 1 B C F/we l l . Had the Ca nyo n not been f l u shed , these 
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e s t imates wo uld h ave been reasonable and probab ly conse rva t ive 
because , by a l l  geochem i cal i nd i ca t ions , prod i g i o u s  amo u n ts of both 
o i l and gas we re genera ted in th i s  Ba s i n . 

More conserva t ive p ub l i shed e s t ima te s  for the s i x -c o un ty area 
i n  Edwa rds , Su tton , · Sc h l e icher , Va l Ve rde , Crocke tt and Te rre l l  
coun t ies h av i ng ranged as h i gh as 6 TC F .  Re pr e s e n tat ive e s t ima te s  
o f  pr oved reserves range betwe en 2 . 0  a nd 2 . 5 T C F . Howe v e r , recent 
d i sappo i n t i ng res u l t s  w i th some Sonor a Ca nyo n  wel l s  s ug g e s t  tha t 
these mod e s t  e s t i amtes of proved recove rab l e  g a s  are too h ig h . 
Furthe rmor e , the s e  rece n t  deve l opments  a l so s ug ge s t  tha t the e s t i 
ma tes o f  rema in ing und i scove red resources prepared for th i s  s tudy 
may be much too opt imi s t i c , part i c u l ar ly w i th regard to th e Sonor a 
Canyo n trend . 

In a 1 9 7 2  s tudy , for exampl e ,  averag e  pe r we l l  reserve s ( 3 2 0  
acre s ) for Canyon re se rvo i r s  ma i n ly i n  S u t to n  Co u n ty we re e s t imated 
at 1 . 6 BCF . Th is e s t ima te wa s d owngrad ed s l igh tly to 1 . 5 6 B CF 
early i n  1 9 7 6 .  La ter that year , w i t h  much mor e we l l  d a t a  and 
l ong e r  pe rforma nce t ime , the reserve e s t ima te wa s red u c ed to 1 . 2 5 
BCF , based o n  7 0  we l l s . I n  1 9 7 7 ,  a s t ud y  o f  1 2 4  wel l s  res u l ted i n  
a n  es t ima te o f  1 . 2 6  B C F  per we ll . Th e l a te s t  e s t ima te i s  tha t the 
be s t  wel ls w i l l u l t ima te ly produce abou t 3 BCF , but tha t ma ny wel l s  
w i l l  only ave rag e abou t 0 . 3 5  B CF w i th a n  ave rage prod u c t ive l i fe o f  
only abou t 1 2  years for the se poore r  prod ucer s .  I t  i s  be l i eved 
tha t we l l s  capable of pr oduc ing a t  l e a s t  1 . 5 B CF w i l l  dra i n  3 2 0 
acre s . Poor wel l s  may dra i n  on ly 8 0  to 1 6 0  acre s .  

Tab l e  1 7 - 1  l i s t s  c umu l a t ive gas and cond e n s a te f i g ure s for mos t  
o f  the f ie l ds as of Ja nuary 1 ,  1 9 7 7 . 

Gas Source Rocks 

On e of the source rock s e c t ions for gas in the Va l Ve rde Ba s i n  
is  in  the Ordov i c i a n  S imp son Grou p , be l i eved t o  b e  the ma i n  s o urce 
for both the large El lenburge r g a s  accumu l a t ions d e s c r ibed i n  the 
ne xt sect ion and the r e l a t i ve ly m i no r  S imp son gas  ac c umu l a t ion s . 
Th e nex t yo unge r s ig n i f i c ant sour ce , the Wo od ford Sh a l e  o f  La te 
Devon i a n -Ear ly Mi s s i s s ipp i an age , probab ly e xpe l l ed muc h  of the gas 
found in S i l uro-Devon i an res ervo irs . 

Arg i l laceous rocks of Pe nnsyl van i an ag e are very th i c k  i n  the 
deep par t of th e Ba s i n and con s t i tute the important s o urce ro ck s 
for the we t g a s  and cond e n s a te in  the Ozona and Sonora trend s , a s  
we l l  a s  for the d r i e r  g a s  pre sent  in  th e Epp s -Ray i n terva l s  a nd i n  
the St rawn ( F igure 1 7- 4 ) . Th e e f fe c t ive g a s  source rocks g e ne r a l l y  
are in  northern Va l Ve rd e Co un ty a n d  southwe s te r n  Edward s Co un ty , 
down-d i p  from , a nd s tr a t igraph i c a l ly below , the prod u c t ive t i g h t 
gas reservo i r  trend s .  Conce ivab ly ,  At oka and Str awn Ser i e s  s h a l e s 
i n  the sou th e a s t e rn part of the Ba s i n  have expe l led l a rg e  volume s 
o f  ga s ( a l tho ugh the absence o f  pro d u c t io n  i n  th e Ker r  Ba s in t o  
da te s ugge s t s  not ) b u t  t h e  bulk o f  g a s  i s  b e l ieved t o  be from 
Missour i a n-age s h a l e s  o f  the Ca nyo n  Se r ie s . 

In the Ozon a-Sonora trend s a t  the pre s e n t  t ime , th e Canyon i s  
underpre s s ur ed , i nd i c a t ing tha t the Ba s i n  has  been coo led to depths 
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e ncompa s s i ng the prod uct ive i n terva l s , i . e . , to a t  l e a s t  1 0 , 0 0 0  
f e e t  o r  mo re . Ge ochemi cal  e v i d e nc e  i nd i ca te s  coo l i ng to b e l ow 
1 4 , 0 0 0  feet i n  par t o f  the bas i n . The s h a l l ower se c t io n  o f  th e 
Ba s i n i s  therefore i n  an arre s ted s tage o f  therma l carbon i z a t io n , 
and therma l gas i s  not be i ng generated a t  the pre s e n t  t ime . In  the 
l owe r par t  of the Ca nyo n , e . g . ,  in muc h o f  Va l Ve rde Cou n ty , ava i l 
able c arbo n i z a t ion va l u e s  are h i gh eno ugh t o  prec l ud e  c omme r c i a l  
g a s  ac cumul a t ions . Ma ny o f  these va lue s are d e cept ive , h owe ve r , 
because organ i c  ma tter s t ud ie s , pa r t i c u lar ly e l eme n t a l  ana lys e s  and 
e xt rac t analys e s , i nd i c ate tha t  the org a n ic ma tter has  been chem i 
c al l y  degraded t o  a t  l e a s t  1 5 , 0 0 0  fee t ,  c au s i ng a s e r i o u s  re d u c t io n  
i n  ge ne r a t ing capab i l i ty o f  the rema in ing org a n i c  ma tte r . 

Th e underpres s ur ed reservo i r s  are a t t r ibu ted to mu l t ipl e 
cause s . In ad d i t ion to s ubs urface coo l i n g , wh i ch te rmi n a ted g e ne r
a t io n  and s topped the repl en i shme nt of g a s  ( a  ma j or c a u s e  of anom
alou s ly h i gh pre s s ure s ) ,  the cool ed s e c t ion h a s  l o s t  large vo l ume s 
o f  g a s  by d i f f u s ion and by so l u t ion i n  mov i ng rech arge wa te rs . Th e 
Mes o zo i c recharge wa ter inva s io n  ( F i g ur e 1 7 - 4 ) breached the sea l s  
that pr ev i ou s ly h ad protec ted the g a s-ge ne ra t ing s e c t ion , reduc ing 
the overpress ured s o urce and rese rvo i r  ro cks to h ydropress ured l e v
e l s . Co n t inued los s of g a s  by d i f f us ion , add i t ional coo l i ng and 
d i l a t ion o f  the s e c t ion , plus a s ub s tan t i a l  re d u c t ion in h yd r o
s ta t ic head re s u l t ing from reg i onal sou thwa rd t i l t  bene a th the 
resea led s e c t i o n  ( se a l ed by th e Cre taceous cove r ) a l l  c o n t r i buted 
to the de c l i ne i n  pr e s s ures to abou t one-h a l f  o f  hyd ropres s u r ed 
leve l s . The coo l i n g  wa s a ma j or facto r , bec a u s e  i t  c a used th e 
g enera ted and trapped f l u id s  to contrac t ,  r e s u l t ing i n  a s ub s tan
t i al d r op i n  f l u i d  pre s s ur e . 

Explora t ion H i s tory 

Th e Va l Ve rde Ba s in ' s  s uc ce s s f u l  e xpl ora t io n  h i s tory began , for 
pra c t i c a l  purpose s ,  w i th the d i scove ry of g i an t Pucke t t  F i e l d i n  
1 9 5 2 .  Lo c a ted we s t  o f  the Ozona trend , Pucke tt prod u c e s  g a s  from 
Ordo v i c i a n  El lenburge r ( l ow Bt u )  and Devon i an rese rvo i r s  w i t h  m i no r  
g a s  pr od uc t io n  from Pe rmo- Pe nnsyl van i a n  c l a s t i c s . In 1 9 5 7 ,  another 
g i an t  gas f i e l d , Brown-Ba s s e t t ,  wa s found in Terre l l  Coun ty , pr o 
d u c t ive from El l enburge r ( l ow Bt u ) , S i l u r i a n  Fu sse lma n , De von i an , 
and Str awn reservo ir s . Minor Ca nyo n  we t-gas pro d u c t ion wa s add e d  
i n  1 9 6 1 ,  a nd Wo l f c amp prod uc t ion i n  1 9 6 9 . Br own-Ba sse t t  F i e l d  i s  
abou t 5 0  m i l e s  s o u thea s t  o f  Pu cke tt and near the southwe s t  l im i t  o f  
Ozona C a nyo n trend . Pucke tt and Brown-Ba sse t t  c l e arly e s tabl i shed 
the Va l Ve rd e Ba s i n  a s  an impor tan t gas prov inc e .  Gr ey Ranch 
( 1 9 6 5 )  a nd JM ( 1 9 6 5 )  are other la rge gas f i e l ds produc ing ma inly 
from the  El lenburg e r . On  F i g ure 1 7 - 4 ,  Br own -Ba s set t ( we s tern 
a rrow ) and JM s truc tur e s  are i nd i cated a s  gas pr od uc ers from the 
El lenburge r .  

The earl i e s t  impor tan t gas d i s cove ry i n  th e Ba s i n  wa s the Vine 
g arone F i e l d  i n  northea s tern Va l Ve rde Cou n ty . Th i s  1 9 5 1 f ind pro
d uce s from th e Str awn , bu t i t s  u l t ima te r e cove ry i s  e s t ima ted to be 
only in the 1 0 0- 2 0 0  B C F  r ange . 

Th e Ozona F i e l d  i n  Crocke tt Cou n ty y i elded i t s f i r s t  s ig n i f i 
c a n t  gas  from a m i no r  El len burger d i scove ry i n  1 9 5 2 .  The f i rs t  
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s ub s ta n t ial d i scove ry o f  g a s  i n  the Ca nyo n s e r i e s  repo rted ly 
occ urred i n  1 9 5 4  to open the Sonor a F i e l d  in  S u t to n  Co unty . The 
Maye r F i e l d  d i sc ove ry fo l l owed i n  1 9 5 7 .  Ac t iv i ty i ncrea sed i n  and 
around Sonor a F i e l d  by 1 9 5 9 ,  and add i t ional Ca nyon prod u c t ion wa s 
e s tab l i shed i n  a number of s tr ike s cente r ing on Ozona F i e l d  in  1 9 6 2  
and 1 9 6 3 .  The s e  d i scove r i e s  o f  we t gas s t imu l ated i n te re s t  i n  the 
pote n t ial of the Ca nyo n Se r ie s , par t ic u l ar l y  i n  Crocke tt Cou n ty ; 3 1  
gas we l l s we re comple ted in the trend by e ar l y  1 9 6 4  whe n  the f i r s t  
we l l s  we re t ied i n to a p i pe l i ne ,  and t h e  f i r s t  g a s-proc e s s i ng p l an t  
began opera t i ng . The i n i t i a l  po ten t ia l s  o f  these e ar ly we l l s 
ranged from 1 2 8 M CF/D to 9 , 5 0 0  M CF/D ,  wi th an average o f  3 , 3 0 0  
MC F/D . Ga s-to-l iqu id r a t i o s  were re ported to range from 1 0 , 9 8 0 : 1  
upward to 1 4 5 , 0 0 0 : 1 ,  ave rag i ng abou t 5 0 , 0 0 0 : 1 .  Ga s wa s br ing i ng 
on ly abou t 1 6  cents  pe r MC F a t  tha t t ime . 

As costs e s c a lated , intere s t  waned somewh a t  unt i l  i n tras tate 
gas pr ices i n  Te x a s  began to c l imb i n  1 9 7 1 . In 1 9 7 5 ,  5 2 5  we l l s  
were d r i l l ed i n  the Ozon a-Sonora area a s  the pr i c e  reached $ 1 . 8 0/ 
MCF . We l l s  d r i l led i n  1 9 7 7 tota l ed 5 4 4  w i th the g a s  pr i c e  a t  
$ 2 . 0 4/MC F . Th i s  a c t i v i ty h a s  d e f i ned d i scon t i n uo u s  unconve n t ional 
t igh t g a s  reservo ir trends in  an arc a t  l e a s t  1 3 0  mi l e s  l ong and up 
to 50 m i l e s  wide across s i x coun t ie s . Gro s s  area w i t h i n  these 
irreg u l ar trends is abou t 3 , 8 0 0 s quare mi l e s . Ne t proven prod u c 
t i ve acre age i s  e s t ima ted a t  abou t  one-f i f th o f  gros s . 

S i nce early 1 9 7 8 ,  e xplora to ry and d e vel opmen t  dr i l l ing h a ve 
d e c l i ned , i n  par t  because of l imi ted ma rke t ou t l e t s  and l oc a l ly 
inad eq uate a c c e s s  road s  i n  the are a . Ad d i t ional ly , d e l i ne a t io n s  o f  
the best  pr oduc ing re s e rvoirs  a r e  su f f i c i e n t l y  a c c u r ate t o  enable 
operators to dr i l l  f e we r  wel l s  by conc e n tr a t i ng much o f  the i r  
e xpl ora t io n  e f fo r t s  i n  pa r t s  of the trend s  wh ere s u c ce s s f u l  com
plet ions are more l i ke l y to be a ch i eve d . More s i g n i f i can t ly , 
d e c l i n i ng ac t iv i ty h a s  r e s ul ted from poorer- t han-e xpected prod uc i
b i l i ty rate s  and prod uc i ng l i fespans of some wel l s , ow i n g  to l ow 
reservo i r  fl u id pr e s s ur e s , a serious  wa te r-produc t io n  prob lem , l im
i ted reservo i r  capac i ty ,  and poor response to ma ss i ve fra c t ur i ng . 
Some of th i s  poor re spo nse can be a t t r i b u ted to tech n i c a l  and 
mechan i c a l  probl ems , wh i c h  eventual ly should be re solve d . I t  i s  
too early for a re l i ab l e  a s s e s sme nt of the me r i t s  o f  MHF i n  the s e  
trend s . Qu i te l i ke ly , ad vanced st imu l a t ion te chn iques w i l l  b e  
s uc ce s s ful  in pa r t s  of the trends and par t s  of t h e  s tr a t ig raph i c  
sect ion , and w i l l  b e  o f  l imi ted bene f i t  e ls ewher e .  Ult ima te ga s 
recove ry wi l l  depe nd , i n  great me asur e ,  o n  the vo l ume o f  rock tha t 
responds to MHF and on the i n-place ga s vo l ume i n  tha t  ro ck . 

Characte r i s t i c s  o f  Traps and Re se rvo i r s  

Re se rvo i r s  

In aggre gate , sand s tones o f  th e Ca nyo n  Se r i e s  i n  th e Ozon a 
Sonora trends fo rm a comp l e x  blanke t seque nc e , a nd they c omp r i se 
the mos t  e x tens ive g a s -produc i ng area i n  the e n t i r e  Pe rmian Bas i n  
reg ion . Ind i v i d u a l  prod u c t ive sands tone bed s are he terogeneo u s , 
d i scon t i nuous to l e n t i c u l a r , typ i cal ly c l ayey a nd are i n te r s persed 
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w i th s h al e . Ge ner a l ly , even the c l ean sands tone l ayers a r e  com
para t i ve ly t i gh t ,  u s u a l ly owi ng to the pre sence of s i l i c a  c emen t .  
Lo cal i ze d  poros i ty and perme ab i l i ty d eve lopme n t  i s  commo n , b oth 
ver t i c al ly and l a teral ly . 

An e a r ly i n terpre tat ion of th e Ca nyon q u ar t z  s an d s tone d e pos i t s  
c ons id e red them t o  have been depo s i ted a s  al luv i al fans . Mo re 
rece n t ly , th ey h ave been i n te rpre ted a s  d om i n an t l y t u rb i d i te s  o r  
d e ep-wa ter fans a n d  p e l ag i c  mud , c u t  b y  s ubma r i ne channe l depo s i t s . 
The t urb i d i te s  h ave character i s t i c  grad ed b ed d i ng , over l a i n  by 
paral l e l  s and s tone l am i nae , then lami nae w i th m i c ro-c ro s s-bedd i ng 
and par a l l e l  s i l ts tone l am i na e , topped by c l ays tone or shal e . 
De l t a i c  coastal bar , a nd f l uv i al or d i str ibu tary c hanne l depo s i t s 
are a l so cons i d ered to be presen t .  The gros s pro d uc t ive s e c t io n  
r ang e s  from 3 0  f e e t  t o  1 , 5 0 0 f e e t . 

Di s tal tur b i d i te sands depo s i ted i n  re l a t ive ly shal l ow wa ter 
were c l e aned and sorted local ly by long-s ho r t  c urrents and wave 
a c t ion . Th ese c l eaner d i stal  sands tone reservo i r s  are among the 
be s t  p l ay s . 

Re presentat ive Ca nyo n  Ser i e s  M i ner alogy : 

Ozona s an d s tone ; 

7 9  pe rcent quar t z  s s ; 4 pe rcent fel dspa r ; 1 2  pe rcen t 
c lay ; 5 percent c arbona te . 

So nora sands tone ; 

8 1  percent  qua r t z  s s ; 3 pe rce n t  f e l d s par ; 1 3  percent  
c l ay ; 2 perce n t  s ider i t e ; 1 pe r c e n t  othe r .  

Epp s -Ray sands tone ; 

9 5  pe rcent quar t z  s s ;  2 pe rcent f e l d s pa r ; 2 pe rcen t 
c lay ; 1 percent dolom i te . 

Depth rang e s  and ave rag e depth s , a pprox ima te : 

Ozo na 
Sonor a 
Epps -Ray 

2 , 5 0 0  to 7 , 0 0 0 f e e t  
2 , 5 0 0  to 8 , 5 0 0  fee t 
5 , 0 0 0 to 1 0 , 0 0 0 f ee t  

Ma x imum th i ckne s s e s  i n  fee t : 

Ozona 
Sonora 
Epps -Ray 

To tal Interval 

1 , 7 0 0  
1 , 6 0 0  
2 , 5 0 0  

1 7 - 1 8  

6 , 5 0 0 fee t 
7 , 0 0 0 fee t 
8 , 5 0 0 fee t 

Gros s  Sand s tone 

7 0 0  
1 , 2 6 0  

4 2 0  

Ne t Pay 

3 0 0  
7 2 0 
3 2 5  



Re servo i r  temperature rang e , ° F : 

Ozo na 
Sonora 
Epps-Ray 

1 0 0 °  to 1 7 5 °  
1 2 5 °  t o  1 8 5 °  
1 5 0 °  to 2 2 0 °  

Ge othermal grad i en t  range : abou t 1 0 °  t o  l 9 ° F / l , O O O  f e e tj 6 0 ° F . 

Bo t tom-hole shut- i n  pr e s s ur e  rang e , ps i g : 3 0 0  to 3 , 5 0 0 .  
( Re se rvo i r s  are apprec i ab ly unde rpre ss ured . )  

Typ i c a l  pre s s ure s a t  average d epth o f  7 , 4 0 0  fee t ,  1 , 7 0 0  t o  
1 , 8 5 0  p s ig . a nd a t  3 , 5 0 0  f ee t ,  7 5 0  to 1 , 0 0 0 p s ig . 

To tal th i ck n e s s e s  o f  " c l e a n "  s and s tone ( < 3 0  p e r c e n t  s h a l e  
conten t ) : 

Ozon a 0 - 3 0 0 +  fee t ;  1 5 0  fee t aver a g e ; ne t pay 
1 5- 8 0  

Sonora 0 - 1 , 0 0 0 +  fee t ;  3 0 0  fee t a ve r ag e ; ne t pay 
f e e t  

2 5- 1 3 0  fee t 
Epp s - Ray 0 - 4 0 0 + ; e s t .  5 0  fee t aver age ; ne t pay 

1 0 - 2 5 f e e t  

Poro s i ty Range Ave rage 

Ozo n a  1 to 1 2  percent 6 . 9 perce n t  
Sonora 2 t o  1 5  percen t 7 . 4 percen t 

Ozo na 0 . 0 0 1 to 0 . 1  e st .  0 . 0 0 8 
Sonora 0 . 0 0 1  to 0 . 4  0 . 0 2 0  

Wa ter sat urat ion : 2 0  perce n t  and upward i n  al l prod uct ive 
s ands tone i n te rva l s . 

Wa ter prod u c t ion repo r ted ly i s  a grow i ng prob l em , par t ic u l ar ly 
in part s  of the Sonora trend , w i th up to 1 0 0 barre l s  pe r 1 , 0 0 0  MC FG 
e xpected . Some So nora we l l s  are pr od u c ing a s  l i tt l e  a s  7 5  M CFG/d ay 
wi th 2 to 3 barre l s  wa ter ; th ey are approach i ng a no n -e conom i c a l  
ga s-prod uc t io n  s tage . Ot her we l l s  have been pl ug ged bec a u se o f  l ow 
gas prod u c t ion c omb ined w i th excess ive wa ter o u tpu t .  

Gas and Cond e n s a t e : 

Ozona 
Sonora 
Epps-Ray 

Me thane ( % ) 

7 7  
8 3  
9 4  

ga l/MCF 

5 . 9 
3 . 5  
0 . 3 4  

2 . 2 
4 . 5  
2 . 5 

B t u  

1 , 2 6 8 
1 , 0 9 9  
1 , 0 0 2 

As shown on F i g u r e  1 7- Sc , the b e s t  reserv o i r-q ua l i ty s and s tone 
i s  loca l i z ed and o r i e n ted e s se n t i al ly nor t h -s o u t h  i n  th e Sonor a 
trend ; t h i s  pa r a l l e l s  s t ruc t ural s tr ike ( F i g u r e  1 7- 4 ) o f  the S t rawn 
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carbonate s eq u e n c e . In  the Ozona trend , the be s t  reservo i r s  c u t  
d iag onal ly acros s the deep s truc tur e . A c ompar i so n  o f  F i gu r e s  
1 7 - Sb and 1 7 - Sc revea ls tha t much of th e " c l ea n "  Sonora sands ton e 
h a s  l ow c al cu l a ted abs o l u te ope n  f l ow ( CAOF ) po te n t i a l s , e v e n  where 
the sands tone a t t a i n s  th i cke s t  devel opme n t  in we s te r n  S u t to n  
Cou n ty . Some o f  the b e s t  f l ow r ates have been ach i eved i n  r e l a 
t i ve ly th i n  " c l ea n -s and s ton e "  area s , e . g . , S u t to n  Cou n t y  ( Sawye r 
F i e l d ) ,  a nd i n  e a s t-central Crocke tt Cou n ty . Ano ther area o f  g ood 
Sonora pro d uc e r s  i s  i n  Edward s Coun ty on th e Edwar d s  Arc h . Al dwe l l  
Ra nch F i el d  i n  sou thwe stern Su tton Cou n ty r epo r te d ly h a s  some o f  
t h e  be s t  Epp s Sand s tone produc t io n . 

Ev idence o f  r e g ional fra c t ure trends h a s  be e n  obse rved i n  the 
Canyon Se r ie s . In muc h o f  the area , the frac t ur e s  appe ar to be 
or ien ted north ea s t -southwe s t  and to c u t  across  s tra t ig raph i c  un i t s . 
In p l ac e s , fractures are be l i eved to contr i b u te to the prod uc t iv
i ty .  The gene r a l  d ir e c t ion of recharge wa ter e n c roac hmen t  wa s 
north e a s tward from the De v i l s  Rive r Upl i ft ,  probably contro l led to 
a great e x te n t  by open fra c t ure s .  The fra c t ure s probab ly wer e  
i nd u c ed b y  h ig h  f l u id pres s ur e s  dur ing o i l  a n d  g a s  g e ne ra t i o n , 
s pr�ad i n g  upward and ou tward from the d e po c e n t e r s  d u r i n g  f l u i d  
m i g r a t ions , e s se n t i al ly a t  r igh t ang le s t o  s truc tural s tr i ke . 
Hydra u l i c  fra c t ure s can be e xpe cted to ass ume the s ame o r i e n ta t io n . 
Many o f  the natural frac t ur e s  pr obably are c eme nted w i th i no rg a n i c  
m i nera ls or s e a l e d  w i th d evo lat i l i z ed o i l . 

Traps 

Stru c tur a l  traps are not req u i red for recove rable g a s  a c c umul a
t ions i n  these trend s . The traps are s trat igraph i c , res u l t i n g  from 
up-d i p  red uc t io n  i n  po re-throat d ime ns ions , u s ua l ly ac compan i ed by 
a correspond i ng l o s s  o f  poro s i ty and pe rmeab i l i ty ,  a s  a res u l t  o f  
d epo s i t ional , e ros ional and d i ag e ne t i c-c arbo n i z a t io n  proc e s s e s . 
" Cl ea n "  s ands tone doe s no t guarantee por os i ty and permeab i l i ty .  
Ra the r , i t  i s  the ceme n t i ng ma ter i a l s  that  d e termi ne r e s e rvo i r  
s torage c apac i ty ; por e -throa t d ime ns ion s ma i n ly con trol pe rmeab i l 
i ty .  Th e fo rme r typ i c a l ly are ca l c i te and d o l om i te ,  o r  q u a r t z  
overgr owth s i n  th e Ozon a .  Sider i te a n d  pyr i te a r e  impor tan t 
c eme n t s  i n  the Sonora ; quartz  overgrowths and c l ay in-f i l l s  red u c e  
poros i ty ( and permeab i l i ty )  i n  the Epp s . Cl ay m i n e ra l s  a l so co n
trol pore- throa t s i z e s  and s hape s , a nd t h u s  the pe rme ab i l i ty and 
the trapp i ng me chani sms in the Ozona and Sonora trend s . 

I t  i s  of  i n te re s t  tha t the pre sence o f  s id e r i te se ems to h ave a 
f avorab le e f fe c t  o n  poros i ty and perme ab i l i ty b u t  i t  i n c r e a s e s  we t
tab le s urface are a by 2 0 0  to 3 0 0  percen t ,  a f fe c t i n g  we ttab i l i ty to 
connate wa ter , r echarg e  wa ter , and to frac f l u id s . It a l so i s  
reported t o  c a u s e  t urbulent f l ow .  Th e Sonor a Ca nyon h a s  the h i gh
est pe r c e n tag e s  of s id er i te . 

PRODUCT I ON 

The two s ub -ba s i n s  i n  th e Va l Verde ba s i n cons idered pote n 
t i a l ly produc t ive of t ig h t  g a s  a r e  shown i n  Ta b l e  1 7- 2  a long w i th 
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N V a l  V e rd e  - S on o r a  

V a l  V e rd e  - Ozona  

B a s i n  T ot a l  

TABLE  1 7 -2 

VAL VERDE BAS I N  

MAX I MUM RECOVERAB LE GAS 
AND 

PRODUCT I V E  AREAS 

FORMAT I ON 

MAX I MUM 
PRODUCT I V E  RECOV ERABLE  

AREA GAS {S E CT I ON S )  (BC F) 
3 5 0  2 , 1 60 

1 5 0 638 

500 2 ,  7 98 



areas and max imum re cover able gas  for e a c h . Th i s  s t udy treats  each 
o f  these s ub-b a s i n s  s eparately . Ac cord i ng ly , a f u l l set  o f  tab l e s  
is  pre s e n ted for each , a n d  t h e  product ion pote n t i a l  a n d  e conomi c s  
o f  each are ob t a i ned by analy z i ng the appropr i a te d a ta se t .  Th e 
gas po te n t i a l  for each s ub-ba s i n  as f un c t ion o f  g a s  pr i c e  i s  s um
mar i z e d  in Ta b le s  1 7- 3  a nd 1 7 -4 . 

Us i ng the Ozo na s ub-b a s i n  as an ex ampl e ,  the geolog i ca l  d a ta 
used i n  both the reservo ir and e xplora t ion s imu l a to r s  are sh own i n  
Table 1 7- 5 . Th e pr od uc t ion rate s e s t ima ted w i th the re servo i r  s im
u l a tor for e a ch pe rmeab i l i t y  l eve l are s h own i n  Tabl e  1 7- 6 .  The s e  
rates a r e  fo r b a s e  case technology wi th a f r ac ture h a l f - l en g t h  o f  
1 , 0 0 0  fee t . An nual  g a s  pro d u c t ion i n  m i l l ions o f  c ub i c  fee t pe r 
year pe r we l l  and the cumul a t ive produc t io n  ove r a 3 0-ye ar pe r i od 
are g ive n . Th e 3 0 -ye ar c umula t ives range from 0 . 0 3 t o  2 . 2 B C F  pe r 
we l l  for the ten pe rme ab i l i ty l ev e l s  s t ud i ed . Tab l e  1 7- 7  s hows the 
data for the ad vanc ed technology case w i th fra c t ure ha l f - l e n g t h s  o f  
u p  to 4 , 0 0 0 f e e t . 

Pr od uc t ion rates for the Ozona we l l s  wi l l  range from only abo u t  
1 0  MC F/D t o  2 5 0 . 0 M C F/ D  for t h e  f i r s t  yea r  w i th base technology , 
d epe nd i ng on pe rme ab i l i ty l eve l and ne t pay th i ck n es s .  Wi th longer 
fract ure s ,  d a i ly prod u c t ion rates i n  the be s t  zone s should exceed 
5 0 0  MCF/ D .  Ra te s wi l l  d e c l i ne rapid ly , h owe ve r ,  a nd by the f i f th 
year even the be s t  we l l  w i th ad vanced technology w i l l  be pro d u c i ng 
only 2 6 0 MCF/ D .  Th e h ig h e s t  pe rmeab i l i ty we l l s , d ec l i n ing rap i d ly , 
w i l l  be prod uc i ng a t  o n l y  3 8  MC F/D. 

Tab l e  1 7 - 8  shows the n umber o f  wel l s  per s e c t ion w i th bo th 
base and ad va nced te c h no l ogy . Wi th base te chnology , the n umber 
of we l l s r eq u i red to produce the gas range s from 1 t o  5 0 . 4  we l l s 
per sect ion . Howeve r , wi th base techno l ogy and thus c u r r e n t  we l l  
spac i ng re s tr i c t io n s , on ly four wel l s  pe r s e c t ion a r e  pe rm i t te d . 
Th e e f fe c t  i s  to r ed u c e  recove rab le g a s  from the max imum of 6 3 8  
BCF , shown i n  Tab l e  1 7- 5 ,  to on ly 1 9 3  BCF . W i th ad vanced te chno l 
ogy , we l l  s pa c ing can b e  incre ased . Fo r the Ozo na , t h i s  wou l d  
range from 1 t o  1 3 . 4  wel l s  per sect io n . Wi th ad vanced te chnology 
i t  wi l l  be seen tha t  6 0 4  B CF c an be recovered . 

ECONOM ICS 

The bas ic geolog i c  and prod uct ion d a ta for al l 1 0  forma t i on s 
were pr oces sed w i th the ful l cyc le expl ora t ion and prod u c t ion 
s imula tor de scr ibed in Chapte r Four . Ea ch o f  the s e t s  o f  d a t a  wa s 
eva l u a ted s eparately to de termi ne the e conom i cs o f  f i nd i ng and 
develop i ng the gas in tha t par t i cular forma t io n . The inves tmen t 
req u i red and e co nom i c s o f  g a s  pr oduc t io n  va ry s ub s ta n t i a l ly from 
one forma t ion to anothe r . 

Con t i n u i ng th e Va l Ve rd e -Ozona e x ampl e ,  the i nves tme n t  a nd 
operat ing expenses  used i n  eva l u a t ion are shown i n  Table 1 7- 9 . 
Frac t ur i ng costs  are a f un c t ion of the ne t p ay t h i ckne s s  and frac
t ure length and are pr e s e n ted a s  rang e s  i n  th i s  table . Th.e appr o
pr i a te va l ue s  for each cas e , h oweve r , we re c a l c u la te d  and u s ed i n  
the s imul a tor . 

1 7 - 2 3  
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TABLE  1 7 - 3  

SUMMARY O F  VAL VERDE - SONORA BAS I N  GAS POTENT I AL 
( BC F )  

B A S E  

B A S I N  S U B - B A S I N  F ORMAT I O N 5 2 . 50  5 5 . 00 $ 9 . 0 0 

Va l V erde - Sonora 

S A S I N  S U B - B A S I N 

V a l V erd e - Ozona 

0 633 688 

TABLE  1 7- 4  

SUMMARY OF VAL V ERDE  - OZONA BAS I N  GAS POTENT I AL 
( BC F )  

F OR M AT I O N 5 2 . 5 0  

0 

B A S E  

5 5 . 0 0  5 9 . 0 0  

1 06 1 82 

AD V AN C E D  

5 2 . 5 0  5 5 . 00 59 . 0 0 -- --'-"--'- --

1 267 1 6 1 3  1 8 7 9  

AD V AN C E D  

5 2 . 5 0 $ 5 . 00  5 9 . 00 

37 0 53 2 604 



TABLE 1 7 - 5  

GEOLOG I CAL DATA SUMMARY 

BAS I N : V a  I V erde DEPTH ( FT . ) : 6 500 
TOTAL BAS I N  AREA ( SECT I ONS ) :  1 400 SUBBAS I N : Ozona PRESSURE ( P S I A :  1 600 
TYPE : B l a n ket FORMAT I ON :  Ca n yon  TEMPERATURE ( ° F ) : 1 50 

NGL < BBL/MMCF ) :  1 . 2  

FOR EACH DR I L L I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I V E H/C GAS NET PAY GAS I N  PLACE AT RECOVERABLE THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
PERM .  AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 
( MD ) ( SECT I ONS ) ( % ) ( FT . ) ( BC F )  ( BCF ) PRODUCT I V E 1 st W/C 2nd  W/C 

0. 3 0 . 3  1 0 . I 0 . 09 0 .  I o . 
....... 
'-l 0 .  I I .  2 8 . 5 7 2 .  1 7  I .  7 o .  
I 

(\.) 
Ul 0 . 03 6 .  7 . 5  1 5  20 . 5  1 5 . 0 . 25  0 . 50 I . 0  

0 . 0 1 1 5 . 7 . 0  20 64 . 46 . 5 0 . 33 0 . 50 I . 0  

0 . 003 3 1 . 5 6 . 5  28 1 74 .  I 1 9 . 4 0 . 50 0 . 75 I . 0  

0 . 00 1 36 . 6 . 0  4 5  29 5 . 1 88 . 6  0 . 7 5  0 . 67  I .0  

0 . 0003 30 . 5 . 0  60 273 .  1 62 . 3  0 . 75 0 . 67 I . 0  

0 . 000 1 1 3 . 5  4 . 0  80 1 3 1 . 72 . 0  0 . 67  I . 0  

0 . 00003 9 .  2 . 5 90 6 1 .  3 1 . I 0 . 50 I . 0  

0 . 0000 1 7 . 5 I . 0  1 20 3 .  I . 4  o .  0 

1 50 .  1 02 4 .  638 . 



TABL E  1 7 -6 

W f l l  P R O D U C T I ON S U M M A R Y -- B A S E  C A S E 

V A L  V E R D E ,  O Z O N A  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / W E L L )  

K • 0 . 3  0 . 1  0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1 ( MD )  
Y E A R  

1 1 8  7 9  9 0  7 1  5 2  4 7  3 1  2 1  9 4 

2 1 3  5 3  5 8  4 1  2 9  2 5  1 5  1 1  5 2 
...... 
-.J 

I 
N 
0'1 

5 1 0  3 9  3 8  2 7  1 7  1 5  9 6 3 1 

1 0  7 3 1 3 0  1 9  1 3  1 0  6 4 2 1 

1 5  6 2 7  2 6  1 7  1 1  8 5 3 1 0 

2 0  5 2 3  2 4  1 5  1 0  7 4 3 1 0 

3 0  3 1 8  2 1  1 3 8 7 4 2 1 0 

3 0- Y E A R  
C U M M . 
P R O D . 2 1 6  9 0 2  9 2 9  6 2 6  

( M M C F ) 
4 1 7  3 4 5  2 1 9 1 4 5  6 8  3 2  



TABLE  lZ-7 

W E L L  P R O D U C T I ON S U M M A R Y- - A D V A N C E D  C A S E  

V A L  V E R D E ' O Z O N A  

G A S  P RO D U C T I O N  ( M � C F / Y E A R / W E L L )  

K • 0 , 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  
Y E A R  

1 2 6  1 2 2  1 9 7  1 7 4 1 6 1  1 5 6 1 09 6 7  2 8  1 3  

2 1 9  8 4  1 4 1  1 1 5  9 9  9 1  6 3 4 1  1 9  9 
I-' 
-....J 
I 

N 
-....J 5 1 4  5 9  9 8  7 5  6 1  5 4  3 7  2 5  1 1  5 

1 0  1 1  4 5  7 5  5 8  4 4  3 8 2 5  1 7  8 4 

1 5  9 3 9 6 4  4 9  3 7  3 1  2 1  1 4  6 3 

2 0  8 3 4  5 7  4 3  3 2  2 1  1 8  1 2 5 2 

3 0  6 2 9  4 7  3 6 2 6  2 3 1 4  1 0  4 2 

3 0 - Y E A R  
C U M M , 
P R O D ,  3 2 0 1 3 5 9 2 2 3 4  1 7 4 6  1 3 7 7  1 2 2 0 8 2 0 5 4 7  2 5 6  1 2 4  

( M M C F ) 



TABLE 1 7 -8 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Va l V erde 
SUB-BAS I N : 
FORMAT I ON :  Ozona 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WEL LS/SECT I ON WELLS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS [ MAX=4 1 ( BCF ) ALL GAS [ MAX= 1 2 1  ( BC F )  

. 3 I • I • 0 I • I • 0 

I-' • I I . 6  I . 6  0 I • I • 0 -....) 
I 

N . 03 2 . 7  2 . 7 1 5  I • I I • I 1 5  00 

. 0 1 4 . 9  4 .  38 I . 8  I . 8  46 . 5  

. 003 9. I 4 .  53 2 . 8 2 . 8 I 1 9 . 4  

. 00 1 1 5 . 2 4 .  50 4 . 3  4 . 3 1 88 . 6  

. 0003 24 . 7  4 • 26 6 . 6 6 . 6 1 62 . 3  

• 000 1 36 . 5 4 .  8 9 . 7  9 . 7 72 . 0  

. 00003 49 . 7 4 .  3 1 3 . 3 1 2 . 28 . 0  

. 0000 1 50 . 4  0 0 1 3 . 4  o .  0 
-

1 93 63 2 .  



t-' -....] I N \.0 

TAI:3LE 1 7 -9  

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Va l V erde 
SUB-BAS I N : 
FORMAT I ON :  Ozona 

Geo l og y  a n d  Geop hys i cs ( $/Pr os pect ) 1 0 , 000 

Dr i I I i ng Cost ( $/We I I )  

Fracture Cost ( $/We i I )  

Base Case I 1 000 Ft . Fracture )  
Ad van ced Case 1 2000/4000 Ft . Fracture ) 

S u r f ace E q u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cos t ,  Rat i o  of Cost to 

W . l .  Gas Revenue  

208 , 000 

84 , 000 - 269 , 000 
1 07 , 000 - 9 73 , 000 

4 5 , 000 

- 7 ,  500 

. 0236 



Th e ou tput from the s imu l a tor i s  shown i n  two tab l e s : the e co
nom ic s umma ry for the base techno logy ca se is sh own i n  Tabl e  1 7 - 1 0 ; 
adva n c ed technology e co nom i cs are s umma r i ze d  i n  Ta b l e  1 7 - 1 1 .  Eva l
uat ions are made a t  d i scoun t rate s o f  1 0 ,  1 5 ,  and 2 0  p e rc e n t  a t  
s everal ga s pr i c e s . Ea ch of the 2 4  c ase s shown on e a c h  tab l e  i s  a 
comple te e va u l a t io n . In o the r word s ,  the e n t ire bas i n  i s  d r i l led 
and deve l oped a s s um i ng that th i s  g a s  pr ice and d i sc o u n t  f a c tor 
pre va i l . In  each case the table sh ows the ra te o f  ret urn and th e 
n e t  pr e s e n t  value  ( po s i t ive only wh e n  the r a te o f  r e t u r n  e x ceeds  
the  d i scount r a t e ) .  When the ne t pre s e n t  va l ue is  not  pos i t ive , 
t h i s  s imply me ans tha t none of the g a s  wi l l  be recoverab l e  a t  th i s  
pr i ce and d i scount rate . In  Tabl e  1 7 -1 0 ,  th i s  o c c u r s  a t  l e s s  tha n 
$ 5 . 0 0/MC F  a t  a 1 0  percent d i scou n t  rate , a t  l e s s  than $ 7 . 0 0/MC F  a t  
a 1 5  pe r c e n t  d i scount rate , e t c .  As pr i c e  i nc r e a se s , net  presen t 
v a l ue be come s po s i tve and some gas  be come s re coverab l e . Fo r e x am
ple , in c a s e  6 2 ,  at a 1 5  pe rcent rate of r e t urn and $ 7 . 0 0/MC F ,  pr e 
s e n t  value  i s  $ 7 9 2  thou sand a n d  1 5 6 B C F  o f  g a s  become recoverable . 
No te a l so tha t pe rmeab i l i ty leve l s  through 0 . 0 0 1  md w i l l  be 
e conom i c . Al l other pe rmeab i l i ty l ev e l s  we re tes ted bu t proved 
uneconom i c .  As pr i c e  increase s , through $ 1 2 . 0 0/MC F , the l owe s t 
permeab i l i ty e conom i c al ly produc ible i s  0 . 0 0 0 3  md . 

Th e tab l e s  a l s o  s how the inve s tme n t  req u i red per prospe c t  and 
the max imum n umber of prospe c t s  ava i lable in the bas i n  at the 
p r i c e . Th e total number of we l l s  req u i red is a l so shown . Compar
i son of Tab l e s  1 7 - 1 0  and 1 7 - 1 1  w i l l  show the e f fe c t  of advance d 
technology . S im i l a r  econom i c  summa r i e s  are s hown for the other 
ba s i n i n  s ubseque n t  table s .  An over a l l  s umma ry of  the Va l Verd e 
b as i n  und i scove red t ig h t  g a s  th a t  i s  po te n t i a l ly prod u c t ive i s  
shown i n  Tab l e  1 7 - 3  and 1 7 - 4 .  The se e s t ima t e s  for both base and 
adva n c ed technology c as e s  are cal cul a ted for g a s  pr i c e s  of $ 2 . 5 0 ,  
$ 5 . 0 0 ,  and $ 9 . 0 0/MC F a t  a 1 5  percen t d i scount  r a t e . 

1 7 - 3 0  



TABL E  1 7 - 1 0  
ECONOM I CS SUMMARY 

BAS I N  Va l Ve rde TECHNOLOGY Base Case 

SUB BAS I N  FORMAT I ON Ozona DATE SeJ:!tember 1�80 

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS 
PROF I T .  K -LEVELS E & p GAS NET PRES . DCF  RATE MAX N O .  W i LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER • MAX RECOV . PROS P .  SUCCESS WI  LOCAT DEVE LOPMENT 
CASE N O .  S/MCF ___L_ NO . VALUE * ..J1:L_ � $M % AT PR I CE,pCF G I P  BCF AT PR I CE % !lliY. �- !lliY. PROD . TOTAL .-- --
D i scoun t Rate 1 0% 
i301 1 1 1  I .  50 0 0 - 652 - - 399 0 - - - 0 

2 1  2 . 5 0  5 . 3  2 CD 1 1 49 1 . 0 3 1  - 305 2 . 6  - - - 3 . 5  
3 1  3 .  1 0  5 . 3  2 CD 1 1 49 1 . 0 3 1  -2 1 7  4 . 8 - - - 3 . 5  41  3 . 50 5 . 3  2 C D  1 1 49 1 . 03 1  - 1 58 6 . 3 - - - 3 . 5  
5 1  5 . 00 36 . 0 4 CDEF 5 3 1 0  6 . 026 1 1 58 1 9 . 2 1 56 37 1  26  2 3 . 9  29 9 73 29 2 406 
6 1  7 . 00 5 1 . 1  5 CDEFG 7433 7 . 426 2987 29 . 3 1 82 533  2 5  34 . 0  25 1 3  99 396 5 32 
7 1  9 . 00 5 1 . 1  5 CDEFG 7433 " 4947 44 . 0 1 82 533  2 5  34 . 0  2 5  1 3  " " " 
8 1  1 2 . 00 58 . 2 6 CDEFGH 829 1 7 . 767 8081 62 . 8 1 90 604 25 38 . 7 2 3  1 5  1 09 438 584 

D i scoun t Rate ��� 

...... 1 2  1 .  50 0 0 - 652 - - 40 3  0 - - 0 
-..J 22 2 . 50 1 . 5 1 c 745 . 22 5  - 382 0 - - - 1 . 0 
I 32 3 . 1 0  5 . 3  2 CD 1 1 49 1 . 0 3 1  - 3 1 5 4 . 8 - - 3 . 5  

w 42 3 . 50 5 . 3  2 CD 1 1 49 1 . 0 3 1  -272 6 . 3 - 3 . 5  ...... 52 5 . 00 1 6 . 6  3 CDE 2426 2 . 796 1 30 1 7 . 5  1 06 1 8 1  38 1 1 .  1 5 1 6 4 1  1 6 3  2 6 1  
62  7 . 00 36 . 0  4 CDEF 5 3 1 0  6 . 026 1 50 1  33 . 2  1 56 37 1  26  2 3 . 9  29 9 73 292 404 
72 9 . 00 5 1 . 1  5 CDEFG 7433 7 . 426 2925 44 . 0 1 82 533  2 5  34 . 0  2 5  1 3  99 396 532 
82 1 2 . 00 5 1 . 1  5 CDEFG 7433 " 50 1 9  67 . 0  1 82 533 2 5  34 . 0  25 1 3  " " " 

D i scou n t  Rate 20% 
1 3  1 .  5 0  0 0 - 652 - - 407 D - - - 0 
23 2 . 50 0 0 - 652 - " " - - 0 
33 3 .  1 0  1 . 5  1 c 745 . 225 - 384 " - - 1 . 0 
43 3 . 50 1 . 5 1 c 745 . 225 - 376 " - - - 1 . 0 
53 5 . 00 5 . 3  2 CD 1 1 49 1 .  0 3 1  -2 1 3  1 1 . 4  - - 3 .  5 
63 7 . 00 36 . 0  4 CDEF 5 3 1 0  6 . 026 820 33 . 2  1 56 37 1  26 2 3 . 9 29 9 73 292 404 
73 9 . 00 36 . 0  4 CDEF 5 3 1 0  " 1 686 48 . 0  1 56 37 1  26  2 3 . 9  29 9 73 " 
83 1 2 . 00 5 1 . 1  5 CDEFG 7433 7 . 426 34 1 6  67 . 0  1 82 533  25 34 . 0  2 5  1 3 99 396 532 

* C ODE : A B C D E F G H I J 
0 . 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 O . DOOO l 



1-' 
.....,J 
I 

w 
N 

BAS I N  Va l Verde 

SUB BAS I N  

cr,s PR I C E  
CASE NO . S /MCF 
D i scoun t Ra te 1 0/, 
230 1 2  I I  

2 1  
3 I 
4 1  
5 1  
6 1  
7 1  
8 1  

I .  so 
2 . 50 
3 .  1 0  
3 . 50 
s . oo 
7 . 00 
9 . 00 

1 2 . 00 

� i scount  Rate  1 2£,  
1 2  I . 5 0  
22 2 . 50 
32 3 . 1 0  
42 3 . 50 
52 5 . 00 
62 7 . 00 
72 9 . 00 
82 1 2 . 00 

D i scount  Rate 20% 
1 3  I .  s o  
23 2 . 50 
33 3. 1 0  
43 3 . 50 
53 5 . 00 
63 7 . 00 
73 9 . 00 
83 1 2 . 00 

PROF I T .  
PROS P . 

__ %_ 

5 . 3  
36 . 0  
36 . 0  
5 1 . 0  
5 1 . 0  
58 . 2  
5 8 . 2  
58 . 2 

1 . 5 
36 . 0  
36 . 0  
36 . 0  
5 1 . 1  
5 1 . 1  
58 . 2  
58 . 2  

0 
5 . 3  

36 . 0  
36 . 0 
5 1 . 1  
5 1 . I 
5 1 . 1  
58 . 2 

K-LEVELS 
ON STREAM 
NO. VALUE '� 

2 CD  
4 CDEF 
4 CDEF 
5 CDEFG 
5 CDEFG 
6 CDEFGH 
6 CDEFGH 
6 CDEFGH 

1 c 
4 CDEF 
4 CDEF · 
4 COEF 
5 CDEFG 
5 CDEFG 
6 CDEFGH 
6 COEFGH 

0 
2 CD' 
4 CDEF 
4 CDEF 
5 CDEFG 
5 CDEFG 
5 CDEFG 
6 CDEFGH 

TABL E 
ECONOM I CS 

FORMAT I ON Ozona 

AVERAGE PER PROS PECT 
E & p GAS NET PRES . DCF  RATE 
I NV EST . PROD . VALUE OF RETURN 

_w__ ....!liL �M % 

1 365 1 . 0 3 1  -506 0 
7720 1 3 . 666 1 897 2 1 . 1  " 1 3 . 666 3252 2 9 . 7 

1 3936 2 0 . 550 5340 30 . 4  " 20 . 550 1 0448 53 . 7 
1 8386 22 . 981  1 8 1 5 1 72 . 4  " 22 . 9 8 1  258 1 3  1 04 . 8 " 22 . 981  37307 1 53 . 5 

1 085 . 225 -581  0 
7720 1 3 . 666 737 2 1 . 1  " 1 3 . 666 1 7 1 0  29 . 7 " 1 3 . 666 2 359 35 . 6  

1 3936 20 . 550 6473 5 3 . 7 " 2 0 . 550 1 1 360 84 . 4 
1 8386 22 . 9 8 1  1 7200 1 04 . 8 " 22 . 9 8 1  25466 1 53 . 5 

1 026 -596 0 
1 365 I . 0 3 1  -489 3 . 0 
7720 1 3 . 666 847 29 . 7 " 1 3 . 666 1 343 35 . 6  

1 3936 20 . 550 4206 5 3 . 7 " 2 0 . 550 7936 87 . 4 " 20 . 550 1 1 672 1 2 1 . 0  
1 8386 22 . 981 1 8505 1 53 . 5 

* CODE : A B C D E F G H I J 
0 . 3 0 . 1 0 . 03 0 . 0 1  0 . 003 � . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 , 0000 1 

1 7  - l l 
SUI1MARY 

TECHNOLOGY Advanced Case 

DATE Se�tember 1280 

BAS I N  TOTALS \/E LLS 
MAX N O. Il l  LDCAT 

GAS RECOVER . MAX RECOV . PROSP . SUCCESS Ill  LDCAT D EVELO��IENT 
AT PR I C E  JCF  G I P  BCF  AT  PR I C E  % DRY PROD . DRY PROD . TOTAL 

- 3 . 5  
370 370 27 2 3 . 9  3 1  1 0  69 277 388 
370 370 27 23 . 9  3 1  1 0  " " 388 
532 532 26 34 . 0  26 1 3  1 20 481  640 
532 532 26 34 . 0  26 1 3  1 20 481  640 
604 604 26 38 . 7  24 1 5  1 49 595 783 
604 604 26 38 . 7  24 1 5  1 49 595 783 
604 604 26 38 . 7  24  1 5  1 49 595 783 

1 . 0 -
370 370 27 23 . 9 3 1  1 0  69 277 388 
370 370 27 2 3 . 9  3 1  1 0  " " 388 
370 370 27 2 3 . 9  3 1  1 0  " " 388 
5 32 532 26 34 . 0  26 1 3  1 20 481  640 
532 532 26 34 . 0 26 1 3  1 20 481  640 
604 604 26 38 . 7  24  15  1 49 595 783 
604 604 26 38 . 7  24 1 5  1 49 595 783 

- - 0 - - 3 . 5  
370 370 27 2 3 . 9  3 1  1 0  69 277 388 
370 370 27 2 3 . 9  3 1  1 0  " " 388 
532 532 26 34 . 0  26 1 3  1 20 481  640 
532 532 26 34 . 0  26 1 3  1 20 4 8 1  640 
532 532 26 34 . 0  26 1 3  1 20 4 8 1  640 
604 604 26 38 . 7  24 1 5  1 49 595 783 
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TOTAL BAS I N  AREA ( SECT I ONS ) : 2800 
TYP E : B l a n ket 

NGL ( BBL/MMCF ) : 1 . 2  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM. AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) < % > ( FT . ) 

0 . 3  I 1 2 . 5 
I-' 
-....J 
I 0 .  I 6 1 0 . 5  1 0 

w 
""' 

0 . 03 2 5 . 5 9 . 0 20 

0 . 0 1  52 . 5  8 . 0 25  

0 . 003 9 1 .  7 . 0 3 5  

0 . 00 1 70 . 6 . 0 50 

0 . 0003 4 2 .  5 . 5  80 

0 . 000 1 28 . 5 . 0 1 1 0 

0 . 00003 2 I .  4 . 0 1 50 

0 . 0000 1 1 4 .  2 . 0 200 

350 . 

TABLE 1 7- 1 2 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Va l V erde 
SUBBAS I N : Sonora 
FORMAT I ON :  Canyon 

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I.R COND.  GAS 

( BCF ) ( BCF ) 

I • 9 I .  5 

20 . 1 5 . 5 

1 39 . 1 02 . 

332 242 . 

704 482 . 

664 424 . 

584 346 . 

487 266 . 

398 200 . 

1 77 8 1 .  

3507 2 1 60 . 

DEPTH ( FT . ) :  7000 
PRESSURE (P S ! A ) : 1 7 50 
TEMPERATURE ( ° F ) : 1 70 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I V E 1 st W/C 2nd  W/C 

0 . 25 0 . 50 I . 0  

0 . 2 5  0 . 50 I . 0 

0 . 30 0 . 67 I .  0 

0 . 40 0 . 67 I . 0 

0 . 60 0 . 75 I . 0  

0 . 80 0 . 75  I . 0  

0 . 75 I . 0  

I . 0 I . 0 

I . 0  I . 0  

I . 0  I . 0  



TABLE  1 7 - 1 3 

� E L L  P R O D U C T I ON S U M M A R Y - - B A S E  C A S E 

V A L  V E R D E ,  S O N O R A  

G A S  P R O D U C T I O N  ( M M C F / Y E A R / � E L L )  

K • 0 . 3  0 , 1  0 , 0 3  0 . 0 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 , 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y E A R  

1 1 0 5  1 3 2 1 4 0  1 0 2 7 3  5 6  4 7  3 4  2 1  1 1  

2 7 9  8 9  9 0  5 8  
I-' 

4 0  3 0 2 3  1 8  1 2  6 
-....) 
I 

w 
U1 5 t: O  6 4 5 8  3 8  2 4  1 7 1 4 1 0 7 3 

1 0  4 6  5 2  4 t:  2 R  1 8  1 2 1 0  7 3 2 

1 5  3 7  4 4  4 0  2 4  1 5  1 0 8 6 4 1 

2 0  3 1  3 9  3 7 2 1  1 3  9 7 5 3 1 

3 0  2 2  3 1 3 2  1 9 1 1  8 6 4 2 1 

3 0 - Y E A R  
C U M M , 
P R O D , 1 2 6 7  1 5 0 9  1 4 2 9 8 9 0 5 7 9  4 1 3  3 2 6 2 4 0 1 5 5  8 3  

( M M C F ) 



TABLE  1 7 - 1 4 

w E L L  P R O D U C T I O N S U M M A R Y - - A D V A NC E D  C A S E  

V A L  V E R D E ,  S O N O R A  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

K ., 0 , 3  0 . 1  0 . 0 3  o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  
Y t A R  

1 1 5 0  2 0 3  3 0 0 2 4 7 2 2 4  1 8 7  1 6 3 1 0 8  5 9  2 9  

2 1 1 2 1 4 0 2 1 6  1 6 3 1 3 8  1 0 9 9 4  6 7  4 1  2 1  

I-' -...J I 
5 8 2  9 8  1 5 2 1 0 7 8 5  6 5  5 5  4 0  2 6  1 3  w 

0'1 

1 0  6 5  7 6  1 1 6 8 2  6 1  4 6  3 8  2 8  1 8  9 

1 5  5 5  6 5  1 0 0 6 9  5 1  3 7  3 1  2 3  1 5  8 

2 0 4 8  5 8  8 8  6 1  4 4  3 2  2 7  2 0  1 3  7 

3 0  3 8  4 8  7 4  5 2  3 7  2 8  2 2  1 6  1 1  5 

3 0- Y E A R 
C U M M . 
P I< O D . 1 8 6 3  2 2 6 9 3 4 4 7  2 4 8 3  1 9 1 1  1 4 0 2  1 2 2 6  8 9 4  5 6 5  2 9 8  

( M M C F ) 



BASE CASE 
NUMBER OF NUMBER OF 

WELLS/SECT I ON WEL LS/SECT I ON 
PERM . REQD . TO PRODUCE ACT UALLY USED 
( MD )  ALL GAS [ MAX=4 1 

. 3  I . 2  I . 2  

• I I .  7 I • 7 
f-J 
-....J 

I . 03 
w 

2 . 9  2 . 9  
-....J 

. 0 1 5 . 2 4 .  

• 003 9. I 4 • 

• 00 1 1 4 . 7  4 • 

• 0003 25 . 2  4 • 

• 000 1 39 . 6  4 • 

• 00003 6 1  . 4  4 .  

. 0000 1 69 . 5  4 .  

TABLE 1 7 - 1 5 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Va l V erde 
SUB-BAS I N : Sonora 
FORMAT I ON :  Canyon 

RECOVERABLE NUMBER OF 
GAS FROM WELLS/SECT I ON 

ACTUAL WELLS REQD . TO PRODUCE 
( BC F )  ALL GAS 

I .  5 . 8  

1 5 . 5 I .  1 4  

1 02 .  I . 2  

1 87 .  I . 86 

2 1  I • 2 . 7  

1 1 6 4 . 3  

55  6 . 7  

27 1 0 . 6  

1 3  1 6 . 8  

5 1 9 . 30 

733 

ADVANCED CASE 
NUMBER OF RECOVERABLE 

WELLS/SECT I ON GAS FROM 
ACTUALLY USED ACTUAL WEL LS 

[ MAX= I 2 1 ( BC F ) 

. 8  1 . 5 

I .  1 4  1 5 . 5 

I . 2  1 02 .  

I . 86 242 

2 . 7  482 

4 . 3  424 

6 . 7  346 

1 0 . 6 266 

1 2  • 1 43 

1 2 .  50 

2072 
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TABLE 1 7 - 1 6 

I NV ESTMENT AND OPERAT I NG EXPENSES 

BAS I N : 
SUB-BAS I N : 
FORMAT I ON :  

Geo l og y  a n d  Geophys i cs ( $/Pros pect ) 

D r i l l i ng Cost ( $/We l l )  

Fracture Cost ( $/We i I )  

- Base Case [ 1 000 Ft . Fracture ) 
Ad van ced Case 1 2000/4000 Ft . Fracture ) 

Sur face Eq u i pment ( $/We I I )  

A n n ua l Operat i ng Expen se ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue  

Va l V erde 
Sonora 
Ca nyon 

1 0 , 000 

229 , 000 

86 , 000 - 374 , 000 
1 09 , 000 - 1 , 1 8 5 , 000 

4 5 , 000 

7 , 500 

. 0236 



1-' 

-....] 
I 

w 
1.0 

BAS I N_lLaj_ 

SUB BAS I N  

GAS PR I C E 
CASE t: O .  S IMCF 

D i scoun t Ra te  I Ol 
1 80 1 1 I I  

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

I .  so 
2 . 50 
3 . I 0 
3 . 50 
5 . 00 
7 . 00 
9 . 00 

1 2 . 00 

D i scount  Rate  1 �1, 
1 2  I . 50 
22  2 . 50 
3 2  3 . I 0 
42 3 . 50 
52  5 . 00 
62 7 . 00 
72 9 . 00 
8 2  1 2 . 00 

D i scou n t  Rate 20Y, 
1 3  I . 50 
23 2 . 50 
33  3 .  1 0  
43 3 . 5 0 
5 3  5 . 00 
63  7 . 00 
73 9 . 00 
83 1 2 . 00 

PROF I T . 
PROS P . 

___%_____ 

2 . 0  
8 . 7 

2 3 . 6 
2 3 . 6  
38 . 3 
46 . 6  
54 . 3  
54 . 3 

2 . 0  
8 . 7  
8 . 7 

2 3 . 6 
38 . 3  
46 . 6 
46 . 6 
54 . 3  

0 
8 . 7  
8 . 7 
8 . 7 

2 3 . 6 
38 . 3 
46 . 6 
54 . 3  

TABL E  
ECONOM I CS 

FORMAT I ON Sonora 

AVERAGE PER PROS PECT 
K-LEVELS E & p GAS NET PRES.  DCF  RATE 
ON ST RE/\M I NVEST . PROD . VALUE OF R ETURN 
NO . VALUE '� _w____ � �11 % 

2 BC 972 . 477 -465 0 
4 ABCD 1 829 2 . 843 - I l l  8 . 5  
5 ABC DE 3360 5 . 693 347 1 2 . 7  
5 ABC DE 3360 5 . 693 6 1 7 1 4 . 7 
6 ABCDEF 724 1  1 0 . 564 2595 2 1 . 3  
7 �.BCDEFG 9444 1 2 . 42 1 5 5 1 2  28 . 8  
8 ABCDEFGH 1 1 790 1 3 . 739 8650 34 . I 
8 ABCDEFGH 1 1 790 1 3 . 739 1 3274 4 3 . 6 

2 BC 972 . 477 - 503 0 
4 ABCD 1 829 2 . 84 3  - 358 8 . 5  
4 ABCD 1 829 2 . 84 3  - 2 1 8  1 1 . 2 
5 ABC DE 3 360 5 . 693 -25  1 4 . 7 
6 ABCDEF 7241  1 0 . 564 986 2 1 . 3  
7 ABCDEFG 9444 1 2 . 42 1  2728 28 . 8  
7 ABCDEFG 9444 1 2 . 4 2 1  4 5 4 1  36 . 2  
8 ABCDEFGH 1 1 790 1 3 . 739 7578 43 . 6  

0 835 - - 520 0 
4 ABCD 1 829 2 . 843 -491  8 . 5  
4 ABCD 1 829 2 . 843  - 393 1 1 . 2 
4 ABCD 1 829 2 . 843 - 327 1 2 . 9 
5 ABC DE 3360 5 . 693 1 0 3  2 1 . 3  
6 ABCDEF 724 1  1 0 . 5 1 4 1 240 2 9 . 9  
7 ABCDEFG 9444 1 2 . 42 1  2529 36 . 2  
8 ABCDEFGH 1 1 790 1 3 . 739 4533  4 3 . 6  

* CODE : A B C D E F G H I J 
0 3 0 . 1 0 . 03  0 . 0 1  0 . 003 0 . 00 1  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 

1 7 - 1 7 
SUMMARY 

TECHNOLOGY Base Case 

DATE 1 0/79 

BAS I N  TOTALS WELLS 
MAX NO.  W I LDCAT 

GAS RECOVER . MAX RECOV .  PROSP . SUCCESS W I LDCAT DEVELO?;·\ENT 
AT PR I C E,@CF G I P  BCF  AT  PR I C E  % Q!l.Y. PROD . Q!l.Y. Pr>.Ou . TOTA L 

- 1 . 5  - 6 . 4  
5 1 7  843 9 1  1 7 . 5  1 0 1  2 1  1 30 520 773 
5 1 7  843 91 1 7 . 5  1 0 1  2 1  1 30 520 773 
633  1 267 60 28 . 4 58 23 2 1 8  872 1 1 70 
688 1 6 1 3  55  34 . 5  49 26 258 1 0 3 1  1 363 
7 1 5  1 879 52 40 . 3  4 2  28 292 1 1 67  1 529 
7 1 5  1 879 52 40 . 3  42 28 292 1 1 67  1 529 

- 1 . 5  - 6 . 4  
- - 6 . 4  - 1 7 . s  

633  1 267 60 28 . 4 58 2 3  2 1 8  B72 1 1 70 
688 1 6 1 3  55  34 . 5 49 26 258 1 03 1  1 363 
688 1 6 1 3  55  34 . 5 49 26 258 1 0 3 1  1 363 
7 1 5  1 879 52 40. 3 42 28 292 1 1 67 1 529 

- 0 
- 6 . 4  

6 . 4  
6 . 4  

5 1 7  843 91  1 7 . 5  1 0 1  2 1  1 30 520 773 
633 1 267 60 28 . 4  58 1 3  2 1 8  872 1 1 70 
688 1 6 1 3  55  34 . 5  49 26 258 1 03 1  1 363  
7 1 5  1 879 52 40 . 3  42 28 292 1 1 67 1 529 



TABLE 1 7 - 1 8 

ECONOM I CS SUMMARY 
BAS I N  Va I Verde TECHNOLOGY�ced Case 

SUB BAS I N  FORMAT I ON Sonora DATE 1 0  -- --

AVERAGE PER PROS PECT BAS I N  TOTALS WELLS 
PROF I T . K-LEVELS E & p GAS N ET PRES . DCF RATE MAX NO.  W I LDCAT 

GAS PR I CE PROS P . ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV. PROSP . SUCCESS W I LDCAT DEVELOPMENT 
CAS E N O .  S/MCF __ %_ NO . VALUE * _w__ � �M % AT PR I CE ,j!CF G I P  BCF  AT  PR I C E  % DRY PROD . DRY PROQ . T':TAL 

D i scount R a : e  1 0� 
1 80 1 21 1  1 .  50 2 3 . 6 4 BCDE 3596 7 . 72 �  - 3 34 7 . 4  - 1 7 . 5  

2 1  2 . 50 38 . 3  6 ABCDEF 1 0 1 93 2 1 .  376 2 465 1 8 . 5  1 267 1 267 59 28 . 4 5 7  2 3  1 92 769 1 0 4 1  
3 1  3 .  1 0  38 . 3 6 ABCDEF 1 0 1 93 2 1 .  376 4 1 24 2 3 . 6  1 267 1 267 5 9  28 . 4 5 7  2 3  1 92 769 1 0 4 1  
4 1  3 . 50 46 . 6 7 ABCDEFG 1 7808 30 . 3 1 5  6243 24 . 0  1 6 1 3  1 6 1 3  5 3  34 . 5 47  25  268 1 073 1 4 1 2  
5 1  5 . 00 46 . 6 7 ABCDEFG 1 7808 30 . 3 1 5  1 2027 34 . 8  1 6 1 3  1 6 1 3  5 3  34 . 5 47  25  268 1 073 1 4 1 2  
6 1  7 . 00 54 . 3 8 ABCDEFGH 32 1 60 39.  36 7 2 1 657 38 . 4  1 879 1 879 48 40 . 3  39 26 363 1 454 1 882 
7 1  9 . 00 54 . 3 8 ABC DE FGH 32 1 60 39.  36 7 3 1 380 48 . 2  1 879 1 879 48 40 . 3  39 26 363 1 454 1 882 
8 1  1 2 . 00 54 . 3 8 ABCDEFGH 32 1 60 39 . 36 7 45966 60 . )  1 879 1 879 48 40 . 3  39 26 363 1 454 1 882 

D i scount  Ra te  1 �£ 
1-' 1 2  1 .  so 2 . 0  2 BC 1 3 1 8  . 477 - 7 1 0  0 - 1 0 . 3  -
" 22 2 . 50 38 . 3 6 ABCOEF 1 0 1 93 2 1 . 376 700 1 8 . 5  1 267 1 267 59 28 . 4 5 7  2 3  1 92 769 1 0 4 1  
I 3 2  3 .  1 0  38 . 3  6 ABCOEF 1 0 1 93 2 1 . 376 1 782 23 . 6  1 267 1 267 59 28 . 4 5 7  2 3  1 92 769 1 04 1  

� 42 3 . 50 38 . 3 6 ABCDEF 1 0 1 93 2 1 . 376 2 504 26 . 8  1 267 1 267 59 28 . 4  5 7  2 3  1 92 769 1 04 1  
0 5 2  5 . 00 46 . 6 7 ABCDEFG 1 7808 30 . 3 1 5  6444 34 . 8  1 6 1 3  1 6 1 3 5 3  )4 . 5  47  25  268 1 073  1 4 1 2  

6 2  7 . 00 46 . 6  7 ABCDEFG 1 7808 30 . ) 1 5  1 1 448 46 . 5  1 6 1 3  1 6 1 3  5 3  34 . 5  47  25  268 1 073  1 4 1 2  
72 9 . 00 54 . 3 8 ABCDEFGH 32 1 60 39 . 36 7 1 8090 48 . 2  1 879 1 879 48 �0 . 3 39 26 363 1 454 1 882 
82 1 2 . 00 5 4 . 3  8 ABCDEFGH 32 1 60 39 . 36 7 275 1 7  60 . 3  1 879 1 879 48 40 . 3 39 26 363 1 454 1 882 

D i scount  Ra te 20% 
1 3  1 .  50 2 . 0  2 BC 1 3 1 8  . 477 - 730 0 - 1 0 . 3 
23 2 . 50 2 3 . 6  4 BCOE 3596 7 . 72 4  - 4 1 1  1 4 . 6  1 7 . 5  
3 3  3 . 10  38 . 3  6 ABCDEF 1 0 1 93 2 1 . 376 554 2 3 . 6  1 267 1 267 59 28 . 4 5 7  2 3  1 92 769 1 04 1  
43 3 . 50 38 . 3 6 ABCDEF 1 0 1 9 3  2 1 . 376 1 058 26 . 8  1 267 1 267 59 28 . 4  57 2 3  1 92 769 1 0 4 1  
5 3  5 . 00 46 . 6 7 ABCDEFG 1 7808 30 . 3 1 5  348 1 34 . 8  1 6 1 3  1 6 1 3  5 3  34 . 5  47  25  268 1 073 1 4 1 2  
63  7 . 00 46 . 6  7 ABCDEFG 1 7808 )0 . 3 1 5  6963 46 . 5  1 6 1 3  1 6 1 3  5 3  34 . 5 47  25 268 1 073 1 4 1 2  
73  9 . 00 46 . 6  7 ABCDEFG 1 7808 30 . ) 1 5  1 0445 56 . 1 1 6 1 3  1 6 1 3 5 3  )4 . 5  47  25  268 1 073  1 4 1 2  
83  1 2 . 00 54 . )  8 ABCDEFGH 32 1 60 3 9 . 367 1 7527 60 . 3  1 879 1 879 48 40 . 3  39 26 363 1 454 1 882 

* CODE : A B C D E F G H 1 J 
0 . 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0 . 001  0 . 0003 0 . 000 1 0 . 00003 0 . 0000 1 
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GEOLOGY 

Chapter E i g h te e n  

WESTERN GULF BAS IN 
E DWARDS REEF TREND 

The Edwa rd s  l ime s tone of the We s te r n  Gu l f  Ba s i n  c ompr i se s  a 
por t ion of the t h i ck s e c t io n  o f  dominan tely s h a l l ow-wa ter c arbonate 
d epos i t s wh i ch characte r i zed tha t  area , from uppe r Jur a s s i c  un t i l  
the earl i e s t  Uppe r Cre taceous  ( F ig . 1 8 - 1 ) . The S t uar t C i ty trend 
i s  that par t o f  the Edwa rd s wh ich i s  c ompo sed o f  ree fo id fac ie s ,  
and i t  d ominates the s e award edge o f  the c a rbon a te pl a t form d ur i ng 
the Al bian and earl i e s t  Ce noman ian ( F ig . 1 8 - 2 ) . I n  wha t  fo l lows , 
Ed wards and Stuart C i ty are te rms u s ed s yno nymou sly to d e s c r ib e  
t h i s  ree f  trend . 

Th e reg ional geology and s tratig raphy o f  the Lowe r Cre taceou s 
rocks of th i s  area h ave been ad equa te l y d i s c u s sed by Ros e  ( 1 9 7 2 ) , 
Be bou t  ( 1 9 7 4 ) , and Be bou t ,  e t  al  ( 1 9 7 7 ) . Cook ( 1 9 7 9 ) h a s  pre
viou sly d i scus sed the e xplora t ion h i s to ry of th i s  trend . Th e 
poros i t i e s  and perme ab i l i ty of the r e e f  rock s be i ng wh a t  they are , 
c oupled wi th the fact  that  these t ig h t  rocks s e em to b e  g a s  sa t
urated eve rywh e r e  a l o ng the trend , make them an i d e a l  s ub j e c t  for 
th i s  s t ud y  of " t igh t g a s . "  

General De scr iption 

The Stuart C i ty Fo rma t ion was n amed by Wi n te r ( 1 9 6 1 ) to  i n c l ud e  
those Lowe r Cretaceous rocks wh ich compr i se the s h e l f -ma rg i n  re e f  
fac i e s  o f  s tr a t igraph i c  un i t s  c ommonly re fer red to a s  Edwards a nd 
Glen Ros e .  Th e forma t io n  wa s compl e te ly c o red by She l l  O i l  Compa ny 
a t  the ir Toma s e k  No . 1 te s t  a t  Pawnee F i e ld i n  Be e C o un ty , Texa s . 
There the Stuart  C i ty i s  1 , 1 3 0  feet  th ick . Ove r l a i n  unconfo rmably 
by Eag l e  Ford sha l e , i t  g r ad e s  d ownward i n to l ime muds tone s  of the 
Gl e n  Rose . Th e l i tho l ogy o f  the ree f  compl e x  i s  shown o n  F i g u r e  
1 8 - 3  and has  been f urther d e s c r ibed by seve r a l  a u t ho r s , notably 
Be bou t  ( 1 9 7 4 ) . The rather l arge i n i t i a l  po ros i ty in the Edwa rd s 
wh ich i s  e s t ima ted to h ave b e e n  3 0 -4 0 perce n t ,  e s pe c i a l ly i n  the  
uppe r 5 0 0  feet  o r  so , h a s  been almo s t  compl e te ly d e s t royed by a t  
least  three type s o f  pos t-d e po s i t ional c emen t .  

Geog raph i c  E x te n t  

The ree f ma rks t h e  se award edge o f  t h e  c arbonate p l a t form i n  
l a te Lowe r Cre taceou s . Reg ional  s truc tur al mapp i ng ( F i g ur e  1 8 - 4 ) 
shows i t  to pl unge from a depth of - 8 , 0 0 0  fee t  a t  t h e  Rio Grande to 
near -1 4 , 0 0 0  f e e t  at Wo rd F i e ld . I t  cont i nue s to d i p northe a s tward 
to Wal l e r  County where it c ro s s e s  the a x i s  of the Ea s t  Tex a s  embay
men t ,  and then r i s e s  ag a i n towa rd Lou i s i a na . 

Di stribut ion of the S t u a r t  C i ty forma t i o n  i s  e a s i ly d e f i ned . 
From s ub s ur f ac e  con trol i t  i s  seen to t e rminate ra ther abruptly a t  

1 8 - 1  
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SCHIST 

O PEN PLAT FORM OR BASIN LIM E STO N E S  

S H A L E  AND A RG ILLACEO U S  L IM ESTO N E  
RE EF  O R  H IG H LY B IOCLASTIC 
PLATFORM - E DGE C ALCA RE N ITE S  
SHA LLOW PLATFORM L IMESTO N E S  

EXTENSIV E LY DOLO M I TI Z E D  
SAND S TO N E  A ND 
CONGLOM E RATE 
EVA PO R ITES 

SE 

BANDERA - DEWITT COU N T I E S  
V E R T IC A L  EXAGGERATION 40 : I 

0 10 20 m i . 
0 10 20 30 k m . C O O K  1 978 



z w SA N MAR C O S  PLATFORM V) 0 � w - -
� V) I NT E R I OR MARG I N  w V) 
V) > -

• Z EAG LE FORD ( PARt) EAGLE FORDlj E. F. 0 
Q <( 1. � 
Z z BUDA BUDA B. 
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0 � z � REGI ONAL DE NSE � � 
<( � ::::> � - <( 0 c.a C I TY � 0 G R A I N STON E 

V) � c.a ....I w � 0 w V) <( w � z u <( I u V) V) - - <( � <( 0 u w t-
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z 
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S L I GO S L I GO � 0 u 0 w 
HOSSTO N z 

F i g u re 1 8-2. Strat ig raphic Correlat ion Chart .  

1 8 - 3  
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CORA L , ALGA E , STROW.OTO PORID  BOUND 
STON E ;  F E W E R  RUD IST  I D S ;  SOMC T H I N  
GRAIN STO N E  B E D S ; RARE  SU R FAC E S  O F  
EX POSURE . 

BRANCHING CORA L , R U O I S T I D S ,  A LGA E , 
AND SH E L L  FRAG M E N T S ;  MUCH O F  T H I S  
IN T E RVA L  COMPOSED O F  SHE L L  DE B R I S  
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DEC R E A S E  I N  G R A I N  S I Z E  DOWNWA R D . 
WACK E  STO N E S  A N D  PACK S T O N E $ . 

- - -
P R EDO�I N A N T LY L IM E  M UDSTO N E , 

DA R K  BROWN - B L AC K ,  W I T H  
CALCI S PH E RE S ,  GLO BIG E R I N A ,  R A R E  
PYR I T E . 

BECOMES PA R T IA L L Y  DOLO M I T I Z E D ;  
R A R E  ALGAL FOR M S ; S HA L E  S T R E A K S . 

SHA L E  COOK 1 9  78 

Fig u re 1 8-3. She l l , Tomasek N o .  1 . 

1 8 - 4  
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the she l f  marg i n ,  and i s  repl aced in a s e awa rd d i re c t i o n  by l ime 
mud s tone s c a r ry i ng a d e e pe r  wa ter f a un a . B l o x s om ( 1 9 7 2 ) h a s  a l so 
mapped th i s  change o n  the s u r f ace i n  northe r n  Me x i c o . Abun d a n t  
s ubs ur face con trol a l so s hows t h e  re e f  be i ng repl aced u pd i p by 
s h a l l ow rocks of non-re e fo id fac i e s . F i g u r e  1 8 - 5  s hows th i s  
r e l a t ionsh ip a t  St uar t C i ty F i e l d , La Sal l e  Coun ty , Te x a s . 

Tha t  the Stuar t C i ty fo rma t ion s tood up a s  a topog raph i c  h igh 
fol l ow i ng i t s depo s i t i on i s  qu i te c l ear from the fac t t h a t  i n  
a lmo s t  a l l  c a s e s  the ove r l y i ng un i t s  ( George town , De l Ri o ,  and 
Bud a )  th i n  ma rke d ly ove r its c re s t , or are abs e n t  a l toge the r . In  
some c a s e s  ( Pawne e ,  for i n s tanc e ) Eag l e  Fo rd s h a l e s  re s t  d i r e c tly 
o n  S t ua r t  C i ty ,  a nd in the ul t ima te ext reme ( Sh e l l  Ch apman No . 1 ,  
Wal l e r  County , Te xa s ) the  Aus t i n r e s t s  on the re e f  rock . 

The reef a nd i t s  l a teral equ iva l e n t s  are known from the Yucatan 
p l a t fo rm ,  Ve ra Cruz embayme n t ,  a long the central Me x i c an pl a t fo rm ,  
acro s s  the Sab i n a s  Ba s i n ,  Texa s , Lou i s i an a , a l o ng the edg e  o f  the 
F l o r id a  pl a t fo rm ,  i n to Cuba and perhaps a l ong part o f  the At l an t i c  
Coa s t .  An age equ iva l e n t  and gene t i c a l ly s im i l a r  s tr a t igraph i c  
u n i t  i s  pr e s e n t  a l ong Me x i co ' s Go lden Lane , a nd re e f- d e r ived c a l 
caren i te s  are t h e  d ominant rock in t h e  Po z a  Ri c a  trend . 
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Fig u re 1 8-5. Stuart City Fie ld -- La Sa l le  Cou nty, Texas. 
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Hyd rocarbon Po ten t i a l  

I n  Texas the re e f  i s  prod uct ive o f  d ry g a s  from 2 6  a c c umul a
t ions from Ga l an F i e ld in  We bb Coun ty e a s tward to Wo rd F i e l d  i n  
Lavaca County ( F ig ure 1 8 - 4 ) . In all  c a s e s  the re s e rvo i r  i s  one o f  
ext reme ly l ow poros i ty and permeab i l i ty .  Al ong t h e  Go l d e n  Lane and 
the ad j acent  Po ra Rica trend i n  Mex ico pos t-d e po s i t io n a l  l e ach i ng 
has been s ig n i f i c ant i n  improv i ng the re s e rvo i r  q u a l i ty .  

Pawn ee F i e ld , Be e Cou n ty , Te xas ( F i g ur e  1 8 - 6 )  i s  one o f  the 
l a rger s t r uc t ure s prod uc i ng from the Stuart C i ty .  S t r uc t ur a l  
c lo s ure of some 3 0 0  f e e t  and cove r i ng 9 , 0 0 0  a c r e s  wa s mapped by 
se i sm i c . The hyd roc arbon c o l umn encoun tered wa s more t h a n  6 0 0  fee t 
i nd i c a t i ng a l arge amoun t o f  s tr a t ig raph i c  c l o s ur e . Th i s  i s  the 
.case in mo s t  of the a c c um ul a t ion s .  Re e f  wid th from n e a r  the Pawne e 
F i e ld eastward wa s taken to average 4 . 7  mi l e s  for th i s  s t ud y . 

A mo re typ i cal  ree f  trend s truc t ur e  i s  S t u a r t  C i ty Fi e l d , La 
Sa l l e  Co un ty , Te xas ( F ig ure 1 8 - 7 ) .  Here the s t r uc t ur a l  c l o s ure 
mapped on top Lowe r Cre taceou s is very sma l l  and the hyd roc arbon 
c o l umn o f  4 0 0  feet aga i n  req u ires s tr a t igraph i c  c lo s ure . The f i el d  
i s  9 m i l e s  i n  l e ng t h . Th e produc t ive area f o r  t h e  f i e l d s  along the 
trend in th i s  area wa s taken to ave rag e  3 . 3 m i l e s  in w i d th for t h i s  
s t udy . 

Edwa rds ( St ua r t  C i ty )  ree f reservo irs a t  one t ime h e l d  some 
l iqu id hyd rocarbons as e v id enced by res i d ual o i l s e e n  i n  core s . 
Howeve r ,  today the only hyd roc arbon encou n tered i s  d ry g a s . Source 
ro cks for the S t uar t C i ty hyd roc arbons co uld be the younge r Eag l e  

- - -
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Fo rd s h a l e s  wh i c h  are o f te n  j ux taposed to the ree f d ue to the 
ove r ly i ng uncon form i ty ,  the ag e-eq u iva l e n t  s h a l ey-l ime m ud s tone s 
wh i ch l i e imme d i a te ly b a s i nward , o r  the o l d e r  Pe a r sa l l  s h a l e  wh i ch 
over l arge par t s  o f  Sou t h  Texas i s  known to be organ i c  r i c h . 

Explorat ion H i s tory 

The ree f trend wa s f i r s t  recog n i zed from phys i c a l  and b i o
l og i c al s tr a t ig raph i c  c r i te r ia d i s c ove red i n  1 9 4 8  i n  the Plymo u t h  
Arc hb i s hop o f  S a n  An ton i o  No . 1 ,  L a  Sa l l e  Cou n ty , Texa s .  Stano l ind 
g eo l og i s t s  f i r s t  tes ted the reef concept and d i s c ove red S t ua r t  C i ty 
F i e ld i n  1 9 5 4 .  A trend pl ay immed i a t e l y  d eve l oped and by 1 9 6 3  1 5  
d i sc ove r ie s  h ad been mad e betwe en the R i o  Grande and Lav a c a  Cou n ty . 
Some o f  the f i e l d s  d i scovered were Pawne e ,  Kawi t t ,  Buche l ,  Roe h l , 
She l te r  Ro ck , a nd Wo rd . Ge n e r a l ly , we l l s  d r i l l e d  i n  the s e  f i e ld s  
were ac id i z ed a nd t h e  abso lute open fl ows r a nged from 1 to 1 5  
MMCFD . The h ig h  i n i t i a l  rate s we re c a used by n a tural  frac tur e s  and 
gas flow r a te s d e c l i ned s ub s t an t i al ly in the e a r l y  ye ar s .  An 
ave rag e  we l l  produced abou t 2 5 0  MMCF o f  g a s  pr i o r  to aband onme n t ,  
a l t ho ugh s eve r a l  prod uced 1 - 2  BCF , i nd i ca t i ng a more e x te n s ive 
n a tural f r a c t ur e  sys tem . Ho l d e n  ( 1 9 6 3 ) r ev i ewed the ree f po te n t i a l  
a t  that s t age o f  d evel opmen t and conc l ud ed t h a t  t h e  i n d u s t ry ' s  
e xp l orat ion e f fo r t s  we re a t  l ea s t  $ 5 0 , 0 0 0 , 0 0 0  i n  the red . He saw 
some 5 3 1  B C F  rese rve a s  a re s ul t  o f  t h i s  9 -ye ar e f for t .  Although an 
o c c a s i onal zone o f  g ood po ros i ty and perme ab i l i ty h ad been found 
the general c a se wa s for the ree f  rock to h ave ave r age po ros i t i e s 
o f  4 to 6 perc en t and perme ab i l i ty o f  near 0 . 1  m i l l id a rcy . The 
re s ul t  wa s very l ow d e l iverab i l i ty and w i th the g a s  pr i c e  of the 
d ay mos t we l l s  f a i led to pay o u t .  

1 8 - 8  



Ac t iv i ty s ubs ided un t i l  the e arly seve n t i e s  wh e n  She l l  beg a n  a 
mod e s t  d eve l opme n t  prog r am a t  Pawnee , and i n  1 9 7 4  the i r  Go rdo n  No . 
1 wa s compl e ted as the b e s t  S t uart C i ty prod u c e r . Th e we l l  wa s 
frac t ure treated u s i ng wa ter based po l ymer and several thousand 
pounds of 2 0-4 0 me sh sand . In i t i al produc t i o n  wa s 4 , 6 5 0  M C F D  a t  
4 , 1 0 0  ps i flow i ng t ub i ng pre s s ur e , and the we l l  prod uced 2 . 2 5  B C F  
i n  the f i r s t  2 2  mon ths . 

Th i s  s uc c e s s  rek i nd l ed r e e f  trend ac t iv i ty a nd d u r i ng the mid
d l e  seven t i e s  an ad d i t io n a l  11  d i scove r i e s  we re mad e and s e ve r a l  
s ig n i f i c ant exte n t ions t o  older f i e ld s  we re comp l e ted ( i . e . , Cooke 
and Stuart C i ty ) . Be tter frac t ur i ng technol ogy a nd a b e t t e r  g a s  
p r i c e  have ke pt th i s  a c t iv i ty mov i ng a t  a mode ra te pace , b u t  even 
now the t ight rese rvo i r s  and bot tom wa ter i n h i b i t  fract ure 
s t imul a t ion and thus ke ep the pl ay from f l our i sh i ng . 

Some fo rma t ions  above the Edwa rds h ave been obse rved to preven t  
the hyd r a ul i c  fract ure from g row i ng i n  the upward d i rec t io n . How
eve r , there i s  u s ua l ly no bar r i e r  to frac ture g rowt h  in the d own
ward ·d i rect ion . The re fore , a frac t ure o f  1 , 0 0 0 +  fee t in l e ng t h  
could a l so b e  1 , 0 0 0+ f e e t  h ig h . As s ug g e s ted above , f r a c t ur i ng 
i n to the we t por t ion o f  the ree f may re s ul t  i n  the prod u c t ion o f  
e x cess fo rma t ion wa ter . 

I t  i s  obv i o u s  tha t s ub s ta n t i a l  adva n c e s  i n  techno logy w i l l  be 
'equ ired to f ul ly d evelop the Ree f  Tre nd . Bec a u s e  of the above 
probl ems , e xpl ora t i on in the trend has  s ub s ided d u r i ng the pa s t  few 
ye ar s .  Howeve r ,  s ome improvements  i n  techno l ogy h ave a l ready bee n 
f i e ld te s ted . De n s i ty contro l l ed frac t ur e  tre a tme n t s  have been 
used w i t h  moderate s uc c e s s .  The p urpose o f  s uc h  trea tme n t s  is  to 
keep the propp i ng ag e n t  in  the uppe r ,  gas bear i ng po r t i o n  o f  the 
ree f and a l l ow o n ly pad to pene tra te the l ower por t ion o f  the ree f .  

Fu t ure ad vanc e s  i n  fra c t ur i ng techno l ogy a nd i nc r e a s ed g a s  
p r i c e s  wi l l  a l l ow t h e  Edwa rds Re e f  Trend t o  be mo re ful ly 
d eve l oped . 

Chara c te r i s t i c s  o f  Traps and Re se rvo i rs 

A typ i c a l  Edwa r d s  Ree f  F i e ld i s  an ant i c l i n a l  s t r uc t ure fo rmed 
e i the r by d eep s e a ted tec ton i c  moveme n t  or a re s ul t of n a t ur a l  ree f 
d eve l opme n t .  Ove r ly i ng , d e n se fo rma t ions se rve a s  a rese rvo i r  
seal . The r e fore , e xp l o r a t i o n  a c t iv i ty i n  the Re e f  Trend c a n  b e  
coord inated wi th se i smic  i n te rpre ta t ions , thereby m i n imi z i ng the 
n umber of rank wi l d c a t s  wh i ch wi l l  be req u i red to  d e l i ne a te pro
d uc t ive acre age . Th i s  character i s t i c s e t s  the Edwards  apart from 
mos t of the forma t ions and bas i n s  wh i ch are be ing cons i d e red by the 
NPC T i gh t  Ga s Re se rvo i r s  Tas k  Group . Howeve r ,  d ue to the depth o f  
the Re e f ,  the fact  that  the forma t ion pe rmeab i l i ty i s  q u i te l ow a nd 
the spe c i al probl ems i nvol ve d  w i th s t imul a t i ng the mas s ive ree f 
forma t ion , f u t ur e  expl ora t ion and d eve l opme n t  wi l l  be bo th r i s ky 
and extreme ly e xpen s i ve .  
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PRODUC T ION 

Format ions and Sub-Bas i ns to be Prod u ced 

Fo r the purpo s e s  of th i s  s t ud y , the Edwa rds Re e f  Trend has  been 
d iv id ed i n to three areas - Southwe s t ,  Cen tr a l  a nd Nor t he a s t .  The 
No r the a s t  area has neve r been found prod uc t ive ; t h e r e fo re , i t  wa s 
not con s id ered i n  t h i s  s t udy . The Southwe s t  ( SW )  and Cen t r a l  ( C )  
por t io n s  ( id e n t i f i ed on F ig ur e  1 8 - 4 ) h ave been analyzed i n  th i s  
s t udy . De l e t i ng the northe a s t ( and f urthe r ) are a s  make s the fol
l ow i ng pro j e c t ions conserva t ive . The fo l low i ng t ab l e  s umma r i z e s  
the acre ag e cons id e red i n  the s t udy . 

Ree f  w id t h , m i . 
Re e f  l e ng t h ,  m i . 
Prod uc t ive are a ,  % 
Produc t ive are a , m i . 2 

SW Area 

3 . 3  
1 1 0  

5 2 . 4 
1 8 9  

C Area 

4 . 7 
1 0 5  

5 2 . 4 
2 6 1  

Tab l e  1 8 - 1  i s  a s ummary o f  max imum re cover a b l e  g a s  a nd pro
d uc t ive areas . 

TABLE 1 8 -1 

Edwa rds L ime Ba s i n  
Ma x imum Re coverab l e  Gas and Prod u c t i v e  Are a s  

Bas i n  S ubba s i n  

Ed wa rds L ime 

Ba s i n  To tal 

Forma t ion 

Southwe s t  
Ce n tral 

Prod uc t i ve 
Are a  

( Se c t io n s ) 

1 8 9  
2 6 1  

4 5 0  

Max imum 
Recove r ab l e  

Ga s 
( BC F ) 

3 , 1 7 1  
5 , 4 7 7  

8 , 6 4 8  

We l l  Dr i l l ing and Geo log i c a l  Da ta and Per formance Fore c a s t s  

Spe c i f i c  d a ta u s ed t o  characte r i z e  t h e  Edwa rds Re e f  wi l l  now b e  
d i scussed . Th i s  w i l l  be fol l owed by a s umma ry o f  s ome re s ul t s  
obta ined from analys i s  of t h e  charac te r i s t i c d a ta u s i ng the Expl or
a t ion and Prod uc t ion s imul a to r  d e s c r ibed i n  Chapte r 4 .  Bec a u s e  o f  
the s im i l a r i ty o f  the d a ta and me thod of analys i s ,  the fo l l ow i ng 
d i scuss i on w i l l  fol l ow the d a ta for the Edwards  L ime , Cen tral  
Reg ion , b a se c ase , pr inc i pal ly ; the  ad va n c ed c a se as we l l  as the  
re s ults from the Southwe s t  Reg ion may be  s im i l a r ly i n te rpre ted from 
the exampl e .  
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Ta ble 1 8 -1 0  i s  a geolog i c al d a ta s umma ry for the C e n tral Reg io n  
in t h e  Edwa rd s  L ime Tre nd . The prod uc t ive area con s ider ed i s  2 6 1  
sect ions out  of the 4 5 0 -s e c t ion reg i o n . The Ce n tr a l  Edwa rds i s  
d iv id ed i n to e ight ave rage pe rme ab i l i ty zon e s  w i t h  are a , po ros i ty ,  
and net  pay a s  shown for each . Re servo i r  pre s s ur e  i s  7 , 6 0 0  p s i a  
and temperat ure i s  3 6 0 ° F .  Ga s in  pl ace can b e  e s t ima ted f rom the s e  
d a ta . Max imum re cove rable gas  i s  de f i ned u s i ng recove ry f a c to r s  
wh ich recog n i ze l e s s  than f ul l  re cove ry . 

Da ta for each d r i l l i ng locat ion inc l ud e  probab i l i ty d i s tr i b u 
t ions f o r  state-of- n a t ur e , f i r s t  wi l d ca t ,  a nd s e c ond w i l d c a t . Fo r 
the 0 . 0 6 md zone , the s ta t e-o f-na t ure i s  0 . 2 5  prod uc t iv e  ( th u s  0 . 7 5 
d ry ) . Th i s  me ans that  s t a t i s t i cal ly s even and one h a l f  ou t o f  ten 
wildcats d r i l l ed in 0 . 0 6 M D  locat ions w i l l  be d ry .  The probab i l i ty 
o f  the f i r s t  wi l d c a t  d r i l l ed i n  a produc t ive area b e i ng prod u c t ive 
is  0 . 9 5 .  I f  a s e cond w i ld c a t  i s  d r i l l ed , the probab i l i ty o f  s u c
c e s s  i s  1 . 0 .  As n e t  pay i n c re a se s ,  the probab i l i ty that  the s ta te
o f-na t ure w i l l  be prod uc t ive increase s .  

Tab l e  1 8 - 1 3  l i s t s  prod uc t ion we l l  requ i reme n t s  for both base 
and ad vanced c a se s .  We l l  produc t iv i ty d a ta are tabu l a ted i n  Tab l e s  
1 8 - 1 1  for t h e  base c a se and 1 8 - 1 2  for t h e  ad vanc ed c a s e . No te tha t 
the 0 . 0 2 MD we l l  has  the b e s t  i n i t i a l  prod u c t i o n  r a te ( ye ar 1 )  o f  
all  pe rme ab i l i t ie s  a s  we l l  a s  t h e  be s t  3 0 -ye a r  c umul a t ive prod uc
t ion . Th i s  i s  pr i n c ipal ly d ue to  the re l a t ive va l u e s  o f  the pe r
me ab i l i ty th i ckn e s s  prod uc t of the we l l s .  A s im i l a r  s ta t emen t  may 
be mad e fo r the 0 . 0 2 md advanced case we l l . Ul t ima te produc t ion 
pe r we l l  from Tab l e s 1 8 - 1 1  and 1 8 - 1 2  were used to c omp u te the 
n umber of we l l s  per s e c t i o n  requ i red to prod u c e  a l l  gas in Tab l e  
1 8 -1 3 . 

Recoverable gas  from a c t ua l we l l s ,  Tab l e  1 8 - 1 3 ,  for bo t h  b a s e  
a nd ad vanced case s s h o u l d  be compared t o  t h e  Max imum Re c ove rable 
Ga s c o l umn i n  Tab l e  1 8 -1 0 .  The c urrent prac t ic e  o f  d r i l l i ng no 
more than four we l l s pe r s e c t ion ( ba s e  case ) r ed u c e s  recove rable 
gas  from 5 , 4 7 7  B C F  to 4 , 3 9 3  BCF . Howeve r ,  the advanced c a se a l l ows 
ful l recovery o f  the 5 , 4 7 7  B C F  ava i l ab l e . 

ECONOM I C S  

Explorat ion and Prod uc t ion Mod e l  

Th e geolog i cal , d r i l l i ng ,  and pe r fo rma n c e  d a ta d e s c r i bed above 
along wi th f urther e conom i c  d a ta fo rm the input to a f ul l  cyc l e  
e xploration and produc t i o n  mode l  to eva l u a te pe rforma n c e  o f  the 
s ubbas i n s .  Re s ul t s  of th i s  pe r fo rmance eva l u a t ion a re s ummar i zed 
i n  Tab l e  1 8 - 2  and d e s c r ibed i n  the fol l ow i ng . 

I nve s tmen t  and Ope ra t i ng Expense 

Tab le 1 8 - 1 4  p r e s e n t s  i nve s tme n t  and  ope r a t i ng expe n se s . Th e 
rea son for the r a nge of frac t ure costs  i s  t h a t  ne t pay t h i ckne s s  
inc rease s a s  pe rme ab i l i ty d e c re a se s ,  r equ i r i ng g re a te r  volume s of 
frac f l u id and proppan t .  The re a son ad vanced c a se frac t ure s cos t 
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more than base  c a se i s  that  fracture l eng t h  i s  g re a te r  for the 
ad vanced c a s e . 

Econom i c s  S ummary for Edwa rd s Central 

We c a n  now d i s c u s s  the Edwards Cen tral  e conomi c s  s umma ry , 
Tab l e s  1 8 - 1 5 and 1 8 - 1 6 .  Af ter the c u s toma ry i d e n t i f i c a t io n  
e n tr ie s ,  we f i nd rows o f  en tr i e s  beg inn i ng w i t h  " Ca s e  N umb e r "  a nd 
c o n t i nu i ng across the pag e . Th ere are three s e t s  o f  d a ta cor
re s pond i ng to d i scount rates of 1 0 % ,  1 5 % ,  and 2 0 % .  Each s e t  h a s  
g a s se l l i ng pr i c e  from $ 1 . 5 0/MCF to $ 1 2 . 0 0/MC F . Ca s e  Number 
7 0 2 1 1 1 ,  Tabl e  1 8 -1 5 ,  is  a base case at $ 1 . 5 0/MC F  pr i c e  and 1 0 %  
d i scoun t r a te . Remember that the e n t i re produc t iv e  area i s  d r i l l ed 
i n  o rder to eva l u a te th i s  $ 1 . 5 0  pr i c e . On ly 1 2 . 4 perc e n t  of the 
prospe c t s  we re pro f i table . Pe rmeab i l i ty l ev e l s  0 . 0 6  md and 0 . 0 2 
md , cod ed B a nd C ,  c ame on s tre am .  Al l o th e r  pe rme ab i l i t i e s  wer e  
te s ted bu t we r e  unprof i tabl e . Th e i nve s tme n t  ave raged $ 5 . 1 7 1  
m i l l ion and the n e t  pre s e n t  v a l ue a t  1 0 %  d i scount r a te wa s - $ 1 . 8 6 7  
m i l l ion . DC F  r a te of re t ur n  wa s ze ro . No g a s  i s  re cove rable  in  
th i s  fo rma t ion at $ 1 . 5 0/MC F  if  1 0 %  r a te o f  re t urn is  r eq u i red . 

The q ue s t io n  may be a s ke d  why the h ighe s t  pe rme ab i l i ty Zon e A 
( 0 . 2 md ) wa s not on s t ream .  A rev i ew o f  i t s pe rforman c e  o n  Tab l e  
1 8 -1 1 s hows t h a t  i t  i s  i n f e r ior to zon e s  a t  0 . 0 6 a nd 0 . 0 2  md a nd , 
therefo re , i t  doesn ' t  pay o u t .  

Fo r Case Numbe r  7 0 2 1 2 1 the gas pr i c e  i s  $ 2 . 5 0 .  Z o n e s  A ( 0 . 2 
md ) and D ( 0 . 0 0 6  md ) pe rmeab i l i ty l ev e l s  are add ed but prod uc t io n  
i s  s t i l l  une conom i c al . The h igher pr i c e  d o e s  b r ing the DC F r a te of 
re t urn to 9 . 4 % .  The n e t  pre s e n t  value i s  - $ 1 3 2  thousand a t  1 0 %  
d i sc oun t r a te . Fo r the purpo s e s  of th i s  s t ud y , n o  g a s  i s  ava i l ab l e  
a t  $ 2 . 5 0 . 

Con t i n u i ng wi t h  Ca s e  Numbe r 7 0 2 1 3 1  a t  $ 3 . 1 0 ,  we f i nd 3 8 . 3 
percent o f  the prospe c t s  d r i l led to be prof i ta bl e ,  a nd tha t Z o ne E 
( 0 . 0 0 2  md ) ha s j o ined A ,  B ,  C ,  and D as  pro f i tab l e . Th i s  increa s e s  
the g a s  pe r pro s pe c t  t o  1 4 . 2 9 9  B C F  f o r  a n  ave r ag e i nve s tme n t  o f  
$ 9 . 6 2 7  m i l l ion . Ra te of re t urn i s  1 5 . 0 perce n t ,  a nd the ne t 
present v a l ue i s  $ 1 . 4 7 7  m i l l io n . From Tab l e  1 8 - 1 0 i t  i s  l e ar ned 
tha t max imum recove r a b l e  gas for the s e  zon e s  i s  4 , 0 5 6  B C F . From 
Ta b l e  1 8 -1 3 ,  b a s e  c a se , the recove rab l e  ga s from a c t u a l  we l l s  i n  
t h e s e  three zon e s  i s  3 , 8 2 0  B C F . The s e  va l ue s  a r e  s h own o n  Tab l e  
1 8 - 1 5 .  Th e re are 2 6 7  p rospe c t s  ava i l a b l e  i n  the prod u c t ive area of 
the bas i n  a t  the  $ 3 . 1 0  pr i c e  l evel . Th i s  n umbe r  is  o b ta i n ed by 
d iv id ing 3 , 8 2 0  B C F  ava i l ab l e  by 1 4 . 2 9 9  B C F  p e r  prospe c t .  Th e 
prog ram l i s t s  the we l l  req u i r emen t s  a s  2 8 0  d ry w i ld c a t s , 1 0 2  
prod u c t ive wi l d c a t s , 8 7  d ry d eve lopme n t  we l ls ,  a nd 3 4 8  prod u c e r s . 
Th i s  i s  a total o f  8 1 7  we l l s .  

The 1 5 %  d i sc o un t  rate i s  s imilar to the 1 0 %  r a t e . Howeve r ,  
$ 3 . 1 0  w i l l  not b r i ng Z o n e  E o n s t ream a t  1 5 % a s  i t  d id a t  1 0 %  
d i scoun t  rate ; $ 5 . 0 0  i s  req u i red . At 2 0 %  r a t e , $ 5 . 0 0/MC F  i s  
req u i red to tur n a pro f i t  i n  the Ne t Pr e s e n t  Va l u e  c o lumn . 

1 8 - 1 2  



The DC F r a te of r e t urn a t  $ 1 2 . 0 0/MCF i s  8 0 . 9  percen t a t  the 1 0  
and 1 5 %  d i sco un t  rate s .  Th i s  b r i ng s  on a l l  the g a s  ava i l able i n  
the base case e x cept the 0 . 0 0 0 0 6  md zone . At the 2 0 %  d i scount 
r a te , ne i ther th e 0 . 0 0 0 0 6  md or the 0 . 0 0 0 2  md gas i s  econom ic a l l y  
produc i b l e  a t  $ 1 2 . 0 0/MCF . 

The ad van ced case , Ta b l e  1 8 -1 6 ,  i s  i n terpr e te d  i n  the s ame 
manne r .  One s ho uld con tra s t  the amoun t o f  g a s  recove r ab l e  in the  
advanced case a t  each pr i c e  wi th the amoun t of gas  recove rable in  
the  base c a s e . The E and P i nve s tment for the advanced c a se i s  
a c t ua l ly l e s s  than the base case . Th i s  i s  l arge ly b e c a u s e  the 
ad vanced case fract ure s are so muc h more e f f i c i e n t  than the base 
c a se ( s ee Tab l e s  1 8 - 1 1  and 1 8 -1 2 )  that  muc h  fewe r to t a l  we l l s  are 
requ i red wh i c h  o f f s e t s  the h igher cos t s  o f  the ad vanced c a s e  
frac t ure s .  Ra tes  of return fo r the ad va n c ed c a se s a r e  muc h  be t te r  
than for t h e  base case s .  

Table s 1 8 - 3  through 1 8 - 9  s how d a ta for the Edwa rd s  Southwe s t  
Reg ion a s  d i s c u s s ed above fo r the Edwa rds Ce n tral Reg i on and may be 
s imil arly r e v i e wed . I t  i s  o f  i n tere s t  to no te that  even though t h e  
we l l s  i n  t h e  Edwa rds Sou thwe s t  a r e  no t as g ood as i n  t h e  Ce n tral 
Reg i o n  ( see Tab l e  1 8 - 4  v s . 1 8 - 1 1 ) ,  the E&P i nve s tme n t  is l e s s  and 
the rate of retur n  i s  be tte r fo r the Sou t hwe s t  for bo th the base 
and advanced c a s e . The pr inc i pal reason for th i s  i s  tha t the 
1 4 , 5 0 0  foot depth o f  the Central Reg i on c a u s e s a no tab l e  i nc re a s e  
i n  c o s t s  over the Southwe s t  Reg ion a t  1 1 , 0 0 0  fee t .  

1 8 - 1 3  
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TABL E  1 8-2 

SUMMARY OF EDWARDS  L I ME  BAS I N  GAS POTEN T I AL 

( BC F )  

B A S E  AD V AN C E D  

I-' B A S I N  S U B - B A S I N  F O R M AT I O N $2 . 5 0  �5 .00  �9 . 00  $ 2 . 50  $5 . 00 $9 . 00 
00 

I 
I-' 
0'\ 

E d wa r d s  L i me EL  1 South West 2 1 4 2 239 1 2423 2958 3 098 3 1 7 1  

EL  2 Centr a l 0 38 20 43 1 1 5 1 04 5 3 53 5477 

Bas i n  Tota l 2 1 4 2 62 1 1  6734 8062 84 5 1  8648 



TOTAL BAS I N  AREA ( S ECT I ONS ) : 

I-' 
co 

I 

TYPE : B l a nket 

NGL ( BBL/MMC F ) : 2 . 

AVERAGE PRODUCT I V E 
PERM . AREA 
( MD )  ( SECT I ONS ) 

I-' 0 . 2 4 
-...J 

0 . 06 24 

0 . 02 32 

0 . 006 45 

0 . 002 38 

0 . 0006 34 

0 . 0002 8 

0 . 00006 4 

1 89 

H/C GAS 
POROS I TY 

( % )  

7 . 0 

6 . 5 

5 . 7 

5 . 5 

5 . 2 

5 . 0 

4 . 8 

4 . 7 

NET PAY 
TH I CKNESS 

( FT . ) 

6 

25  

60 

68 

78 

90 

1 00 

1 1 5 

TABLE 1 8- 3  

GEOLOG I CAL DATA S UMMARY 

BAS I N : Ed ward s L i me 
SUBBAS I N : Southwest 
FORMAT I ON :  

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND . GAS 

( BCF ) ( BCF ) 

1 2 . 26 9 

284 . 7 2 1 9  

798 . 9 1  5 73 

1 228 . 59 84 2 

1 1 2 5 . 1 3 7 1 1 

1 1 1 6 . 9 604 

280 . 32 1 40 

1 57 . 82 73 

500 5 . 3 1 7 1  

DEPTH ( FT . ) : 1 1  , 000 
PRESSURE (PS I A ) : 5800 
TEMPERATURE ( ° F ) : 26 5 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

THAT STATE OF PRODUCT I VE ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2 n d  W/C 

0 . 05 0 . 95 1 . o 

0 . 2 5  0 . 95  1 . 0 

0 . 50 0 . 95 1 . 0 

0 . 50 0 . 95  1 . o 

0 . 7 5  1 . o 

0 . 7 5 1 . o 

1 . o  1 . o 

1 . o  1 . 0 



TABL E  1 8- 4  
W E L L  P R O D U C T I ON S U M M A R Y - - B A S E  C A S E 

E D W A R D S  L I M E , S O U T H � E S T  

G A S P R O D U C T I O N  ( M M C F / Y E A R / W E L L ) 

o . oo6 0 .002 o . o oo6 o . ooo2 o . o o o o6 o .o6 0 . 0 2  K • 0 . 2  
Y E A R  

0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( M D )  

1 4 0 1  8 8 1 1 0 9 4 6 3 3 3 9 1  2 3 6 1 4 4  8 9  

2 2 8 6  5 9 8  6 8 2  3 8 5  2 1 8 1 2 8  7 8  4 4  

1-' 
co I 5 1 6 1  4 1 3  4 8 0 2 4 5  1 4 3  7 6 4 5  2 7  
1-' 
co 

1 0  8 8  2 8 1 3 7 3 1 9 1  1 0 5  5 7  3 2  1 9  

1 5  5 4 2 0 8  3 0 9 1 6 8  8 9  4 9  2 7  1 5  

2 0  3 9  1 6 2  2 6 7 1 5 2  8 1  4 3 2 3  1 3 

3 0  2 0  1 0 8  2 0 2  1 3 1  7 1  3 6  2 1  1 1  

3 0 - Y E A R 
C U M M . 
P R �O .  2 6 2 9  ( M M F )  7 7 9 3  1 0 7 4 7  5 9 5 6  3 3 2 8  1 8 3 5  1 0 5 4 6 2 3 



TABL E  1 8-5  

W E L L  P R O D U C T I ON S U M M A R Y -- A D V A N C E D  C A S E  

E D W A R D S  l i M E , S O U T H W E S T  

G A S  P RO D UC T I O N  C M HC F / Y E A R / W E L L )  

K • 0 . 2  0 .06 0 .02  o . oo6 0 . 002 o .ooo6 o . ooo2 o . oooo6 o . o o o o 3  o . o o o o 1 t H O )  
Y E A R 

1 5 7 8 1 8 2 0  2 8 2 2  1 9 4 5  1 3 6 2  8 8 3  5 4 3  3 0 6  

2 3 1 3  1 2 7 2 1 9 7 2  1 2 8 0 8 1 3  4 9 9  2 9 5 1 6 8  
f-' 00 
I 

f-' 5 1 4 7  8 0 1 1 2 9 4 8 3 0 5 2 7  3 1 1  1 72 9 7  
1.0 

1 0  1 2 6  5 0 4  8 7 6 5 9 3 3 8 0  2 1 7  1 2 2  6 8  

1 5  1 0 4  3 4 8  6 4 1 4 7 3  3 1 2  1 8 4 1 0 3  5 5  

2 0  8 9  2 6 7  5 0 7  3 9 9  2 74  1 5 9  8 8  4 8  

3 0  7 4  1 6 1  3 3 3 2 9 0 2 2 0  1 3 2 7 2  4 1  

3 0 - Y E A R 
C U t'I M . 

2 5 2 8 3  P R OD . 4 5 3 2 1 5 7 6 4  16 5 9 6  1 0 6 6 0  6 4 0 7  3 8 8 2  2 3 3 4  
( M M C  F ) 



TABLE 1 8- 6  

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Edward s L i me 
SUB-BAS I N : 
FORMAT I ON :  Southwest 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WEL LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM .  REQO . TO PRODUCE ACTUAL LY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD ) ALL GAS I MAX=4 J ( BC F ) ALL GAS [ MAX= I 2 1  < BCF ) 

...... . 2  . 92 1  . 92 1  9 . 534 . 534 9 CX> I N 
0 

. 06 1 . 1 5 1  1 .  1 5 1 2 1 9 . 569 . 569 2 1 9  

. 02 1 . 672 1 . 6 72 573 • 7 1 1 • 7 1 1 5 73 

. 006 3 . 1 4 1  3 .  1 4 1  842 1 .  1 27 1 .  1 27 842 

. 002 5 . 694 4 .  499 1 .  778 1 .  778  7 1 1 

. 0006 9 . 700 4 .  249 2 .  778 2 .  778 604 

. 0002 1 7 . 72 5  4 .  32 4 . 8 1 7 4 . 8 1 7 1 40 

. 00006 30 . 979  4 .  9 8 . 266 8 . 266 73 

2432 3 1 7 1  



t-' 
00 I N t-' 

TABLE 1 8 - 7  

I NVE STMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop hys i cs ( $/Pr os pect ) 

D r i I I i ng Cos t  ( $/We i I )  

Fracture Cost ( $/We i I )  

- Base Case I 1 000 Ft . Fracture ) 

BAS I N : Ed ward s L i me 
SUB-BAS I N :  
FORMAT I O� :  Southwest 

Ad va nced Case [ 2000/4000 Ft. Fract u r e )  

S u r face Eq u i pment ( $/We l l )  

An n ua l Operat i ng E x pense ( $/We i I )  

Compressor Fue l Cost ,  Rat i o  of Cost to 

W . l .  Gas Revenue 

6 5 , 000 

1 , 02 1 , 000 

1 0 1 , 000 - 300 , 000 
1 28 , 000 - 1 , 084 , 000 

4 5 , 000 

7 , 500 

. 0236 



TABL E 

E CONOM I CS 
BAS I N  Edwards L i me Southwest 
SUB BAS I N  FORMAT I ON 

AVERAGE PER PROSPECT 
PROF I T  K-LEVELS E & p GAS NET PRES .  DCF RATE 

GAS PR I CE PROSP . ON STREAM I NVEST. PROD . VALUE OF RETURN 
CASE NO. $/MCF _%_ NO . VALUE * -�-M_ � $M % 

D i scount Rate 1 0� 
220 1 1 1 1  1 .  50 23. 7 3 BCD 2776 6 . 686 6 1  1 0 . 6  

2 1  2 . 50 37 . 6  5 ABC DE 3800 1 0 . 2 20 1 666 23 . 9 
3 1  3 . 1 0  52 . 6  6 ABCOEF 47 1 9 1 1 . 966 2 7 79 30 . 6  
4 1  3 . 50 " " " " " 3446 3 5 . 8  
5 1  5 . 00 " " " " " 5946 55 • .3 
6 1  7 . 00 5 7 . 3  7 ABCDEFG 5 1 25 1 2 . 37 7  9459 79 . 2 
7 1  9 . 00 " " " " " 1 2899 1 0.3 . 5 
8 1  1 2 . 00 5 9 . 3  8 ABCDEFGH 556.3 1 2 . 507  1 8 1 54 1 36 . 1 � 00 D i scount Rate 1 5% I 1 2  1 . 50 23. 7  3 BCD 2776 6 . 686 -3 1 0  1 0 . 6  

N 22 2 . 50 37 . 6  5 ABC DE 3800 1 0 . 220 7 7 1  2 3 . 9  
N 32 3. 1 0  " " " " " 1402 3 1 . 3  

42 5 . 50 " " " " " 1 823 36 . 3  
52 5 . 00 52 . 6  6 ABCOEF 4 7 1 9  1 1 . 966 3!!00 5 5 . 5 
62 7 . oo 5 7 . 3  7 AOCOEFG 5 1 25 1 2 . 377  65 1 5  7 9 . 2  
72 9 . 00 " " " " " !!8 1 0  105 . 5 
82 1 2 . 00 5 9 . 3  8 ABCOEFGH 5365 1 2 . 507 1 2602 1 36 .  I 

D i scount Rate 20% 
1 3  1 . 50 23. 7 3 bCD 2 7 76 6 . 686 -522 1 0 . 6  
23 2 . 50 23 . 8 4 Al:lCU 2 7 7!! 6 . 69 1 73 2 1 . 3  
35 3. 1 0  37 . 6 5 Al:lCDE 3!!00 1 0 . 220 7')5 5 1 . 3 
43 5 . 50 " " " " " l OBO 56. 5 
55 5 . 00 52 . 6  6 Al:lCDEF 47 1 9  1 1 . 966 2566 5 5 . 5  
63 7 . 00 " " " " " 444 1 80 . 5 
73 \1 . 00 57 • .3 7 Al:lClJEFG 5 1 25  1 2 . 3 7 7  6433 105. 5 
83 1 2 . 00 " " " " " 93.38 1 3 7 . 3 

*CODE : A B c D E F G H 
0 .2 . 06 0 . 02 o . oo6 o .oo2 0 . 0006 0 . 0002 0 .00006 

1 8-8 

SUMMARY 

BAS I N  TOTALS 
MAX . NO. 

GAS RECOVER. MAX RECOV . PROSP . 
AT PR I CE,OCF G I P1BCF AT PR I CE 

1 634 1 634 244 
2 1 42  2354 2 1 0 
2391 2958 200 

2423 .3098 1 96 
" " " 

2432 3 1 7 1  1 94 

2 1 42  2354 2 1 0  

2391  2958 200 
2423 3098 1 96 

" " " 

2432 3 1 7 1  1 94 

- - -
1 64 3  1643 246 
2 1 42 2354 2 1 0  

" " " 

239 1 2958 200 
" " " 

2423 3098 1 96 

TECHNOLOGY 
DATE 

W I LDCAT 

!:lose 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
__ % __ Q!:y_ Prod. Q.o::L_ Prod . 

1 6 . 5  294 60 36 1 42 
26. I 223 79 65 26 1 
36. 5  1 82 1 0 5  9 1  364 

39 . 8  1 7 0  1 1 2 1 0 1  405 
" " " " " 

4 1 . 2 1 6 5  1 1 5 107  429 

26 . 1  223 79 65 26 1 

36 . 5  1 82 1 05 9 1  364 
39 . 8  1 7 0  1 1 2 1 0 1  405 

" " " " " 

4 1 . 2 1 6 5  1 1 5 107  429 

1 6 . 5 
1 6 . 5  295 58 36 143 
26. 1 22.3 79 6 5  2 6 1  

" " " " " 

36. 5  1 82 1 0 5  9 1  364 
" " " " " 

39.8 1 70 1 1 2 1 0 1  405 

Tota l 

530 
628 
742 

788 
" 

8 1 7  

628 

742 
788 

" 

8 1 7  

552 
628 

" 

742 
" 

788 



I-' 
00 I 
1\J 
w 

BAS I N  Edwards L i me Southwest  

SUB  BAS I N  FORMAT I ON 

AVERAGE PER PROSPECT 
PROF I T . K-LEVELS E & p GAS NET PRE S .  

GAS PR I CE PROSP . ON STREAM I NVEST . PROD . 
CASE NO . VMCF __ %_ NO.  VALUE * _w__ � 

D i scoun t Ra te l ifk 
220 1 2  1 1  1 .  50 5 2 . 6  6 ABCOEF 4288 1 4 . 587 

2 1  2 . 50 5 7 . 3 7 ABCDEFG 5 1 37 1 6 . 1 03 
3 1  3 . 1 0  5 7 . 3 7 ABCDEFG 5 1 37 " 

4 1  3 . 50 5 7 . 3 7 ABCOEFG 5 1 37 " 

5 1  5 . 00 5 9 . 3 8 ABCDEFGH 5995 1 6 . 904 
6 1  7 . 00 59 . 3  8 ABCDEFGH 5995 " 

7 1  9 . 00 59 . 3 8 ABCDEFGH 5995 " 

8 1  1 2 . 00 59 . 3  8 ABCDEFGH 5995 " 

D i scoun t Rate 1� 
1 2  1 .  50 3 7 . 6  5 ABC DE 3 3 1 0  1 1 . 0 1 7  
22 2 . 50 5 2 . 6  6 ABCDEF 4288 1 4 . 587 
32 3 . 1 0  5 7 . 3 7 ABCOEFG 5 1 37 1 6 . 1 03 
42 3 . 50 57 . 3  7 ABCDEFG 5 1 37 " 

52 5 . 00 5 7 . 3 7 ABCDEFG 5 1 37 " 

62 7 . 00 59 . 3 8 ABCOEFGH 5995 1 6 . 904 
72 9 . 00 59 . 3  8 ABCDEFGH 5995 " 

82 1 2 . 00 59 . 3  8 ABCDEFGH 5995 " 

D i scount Rate 2ifk 
1 3  1 .  50  3 7 . 5  4 BCDE 3 3 1 0  1 1 . 0 1 2  
23 2 . 50 5 2 . 6  6 ABCDEF 4288 1 4 . 587 
33  3 .  10  5 2 . 6  6 ABCOEF 4288 " 

43 3 . 50 5 7 . 3 7 ABCOEFG 5 1 37 1 6 . 1 0 3  
5 3  5 . 00 5 7 . 3 7 ABCOEFG 5 1 37 " 

63 7 . 00 59 . 3  8 ABCOEFGH 5995 1 6 . 904 
73 9 . 00 59 . 3  8 ABCOEFGH 5995 " 

83 1 2 . 00 59 . 3  8 ABCOEFGH 5995 " 

* COD E :  A B C 0 E F G II 
o .2 . 06 o . o 2 o .  oo6 o .  oo 2 o . oro6 o .  ooo2 o . oooo6 

VALUE 
�M 

1 672 
4553 
6282 
7435 

1 2029 
1 8056 
24083 
3 3 1 2 4  

543  
2831  
4274 
5 1 50 
8437 

1 3 1 50 
1 7727 
24592 

1 38 
1 928 
2893 
3744 
6379 

1 0 1 08 
1 3774 
1 92 7 3  

TABLE 

ECONOM I C S  

OCF  RATE 
OF RETURN 

:& 

24 . 6  
4 7 . 8 
6 3 . 1 
7 3 . 2  

1 06 . 4 
1 52 . 5  
1 94 . 3  
249 . 9  

22 . 3 
49 . 2  
6 3 . 1 
73 . 2 

1 1 0 . 0  
1 52 . 5  
1 94 . 3 
249 . 9 

2 2 . 3 
49 . 2  
64 . 1  
7 3 . 2  

1 1 0 . 0  
1 52 . 5  
1 94 . 3  
249 . 9  

1 8 -9 

SUMMARY 
fECHNOLOGY 

DATE 

BAS I N  TOTA LS 
MAX NO .  

GAS RECOVER • MAX RECOV . PROSP . 
AT P R I C E  8CF G I P  BCF  AT  PR ICE  

2958 2958 203 
3098 3098 1 92 
3 098 3098 " 

3098 3 098 " 

3 1 7 1  3 1 7 1  1 88 
3 1 7 1  3 1 7 1  1 88 
3 1 7 1  3 1 7 1 1 88 
3 1 7 1 3 1 7 1  1 88 

2 354 2354 2 1 3  
2958 2958 203 
3098 3098 1 92 3098 3098 " 

3098 3098 " 
3 1 7 1  3 1 7 1  1 88 
3 1 7 1 3 1 7 1  " 

3 1 7 1  3 1 7 1 " 

2345 2345 2 1 3  
2958 2958 203 
2958 2958 203 
3098 3098 1 92 
3098 3098 " 

3 1 7 1 3 1 7 1  1 88 
3 1 7 1 3 1 7 1  1 88 
3 1 7 1  3 1 7 1  1 88 

Advanced Case 

Se2tember 1280 

W I  LOCAl 
SUCCESS 

% 

36 . 5 
3 9. 8 
39 . 8  
39 . 8  
4 1 . 2  
4 1 . 2  
4 1 . 2  
4 1 . 2  

26 . 1 
3 6 . 5  
3 9 . 8 
3 9 . 8 
39 . 8 
4 1 . 2  
4 1 . 2  
4 1 . 2  

2 6 .  1 
36 . 5  
3 6 . 5 
3 9 . 8 
3 9 . 8 
4 1 . 2  
4 1 . 2  
4 1 . 2  

W I  LOCAl 
DRY �· 

1 85 1 07 
1 67 1 1 0 

" " 

1 59 I l l  
1 5 9  1 1 1  
1 59 1 1 1  
1 59 1 1 1  

227 8o 
1 85 1 0 7  
1 6 7  1 1 0 

" " 

1 59 1 1 1  
1 59 1 1 1  
1 59 1 1 1  

227 80 
1 85 1 07 
1 85 1 0 7  
1 67 1 1 0 

" " 

1 59 1 1 1  
1 59 I l l  
1 59 1 1 1  

WELLS 

DEVELOPMENT 
DRY PROD . TOTAL 

42 1 70 504 
57 227 561 

" " 

7 1  282 624 
7 1  282 624 
7 1  282 624 
7 1  282 624 

22 88 4 1 6  
42. 1 70 504 
57 227 561 

" " " 

7 1  282 624 
71 282 624 
7 1  282 624 

22 88 4 1 6  
42 1 70 504 
42 1 70 504 
57 227 561 

" " 

7 1  282 624 
7 1  282 624 
71 282 624 



TABLE 1 8- 1 0 

GEOLOG I CAL DATA SUMMARY 

BAS I N : Edward s L i me DEPTH ( FT .  ) : 1 4 ,  500 
TOTAL BAS I N  AREA ( S ECT I ONS ) : SUBBAS I N : PRESSURE C PS I A ) : 7600 
TYPE : B l a n ket FORMAT I ON :  Central TEMPERATURE ( ° F ) : 360 

NGL C BBL/MMC F ) : 2 . 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
EST I MATED MAX . PROBAB I L I TY PROBAB I L I TY THAT W/C I S  

AVERAGE PRODUCT I V E H/C GAS NET PAY GAS I N  PLACE AT RECOV ERABLE THAT STATE OF PRODUCT I V E ,  G I VEN THAT 
PERM . AREA POROS I TY TH I CKNESS RESERVO I R  COND . GAS NATURE I S  STATE OF NATURE I S  PROD 
(MD ) ( SECT I ONS ) _j_!) ( FT . ) C BCF ) C BCF ) PRODUCT I VE 1 st �v/C 2 n d  W/C 

1-' 

(X) 

I � 0 . 2 5 7 .0 1 0  26 . 5 5  22 0 . 05 0 . 9 5  1 . o  

0 . 06 33 6 . 5 33 536 . 58 393 0 . 2 5  0 . 95 1 . 0 

0 . 02 43 5 . 7 7 5  1 393 . 63 9 73 0 . 50 0 . 95  1 . 0 

0 . 006 60 5 . 5 86 2 1 5 1 .00  1 4 50 0 . 50 0 . 9 5  1 . o 

0 . 002 50 5 . 2 98 1 93 1 . 50 1 2 1 8 0 . 7 5  1 . o  

0 . 0006 4 5  5 . 0 1 1 5 1 962 . 00 1 048 0 . 7 5  1 . o 

0 . 0002 1 0  4 .8 1 30 473 . 00 249 1 . 00 1 . o  

0 . 00006 1 5  4 . 7  1 4 5 774 . 9  1 24 1 . 00 1 . 0 

26 1 9249 . 54 77  



TABLE  1 8- l l  

� E L L  P R OD UC T I ON S U M M A R Y -- B A S E  C A S E 

E D W A R D S  L I M E ,  C E N T R A L  

G A S  P R O D UC T I O N  ( M M C F / Y E A R / W E L L ) 

K • 0 . 2  o .o6 0 . 02 o . oo6 0 .002 o .ooo6 o .ooo2 o . oooo6 o . o o o o 3  o . o o o o 1  < M D )  
Y E A R  

1 8 0 1  1 3 7 9  1 6 0 1  9 3 3  5 6 6  3 4 6  2 1 4  1 2 9 

1-' 2 5 5 7  9 4 1  1 0 0 9  5 6 6 3 1 6  1 8 8  1 1 6  6 4  
00 I f\.) ln 

5 2 9 1  6 2 7  7 1 3  3 6 4  2 0 9  1 1 4  6 8  4 0  

1 0 1 4 8  4 0 9  5 4 4  2 8 7  1 5 5  8 8  4 8  2 8  

1 5  8 7  2 9 0 4 3 8 2 5 2 1 3 2 7 3 4 0  2 3  

2 0  6 1  2 2 4  3 7 1  2 2 7  1 2 2  6 4  3 5  2 0  

3 0  3 7  1 4 0 2 7 1  1 9 3  1 0 6  5 5  3 2  1 6  

3 0 - Y E A R 
C U M M . 
P R O D . 4 6 9 9 1 1 3 8 6  1 5  4 1 8 8 8 6 2  4 9 0 8  2 7 2 7 1 5 9 4  9 0 2  

( M M C F ) 



TABL E  1 8- 1 2  

W E l l  P R O D U C T I ON S U M M A R Y-- A D V A NC E D  C A S E  

E D W A R D S  L I M E ,  C E N T R A L  

G A S  P RO D U C T I O N  C M M C F / Y E A R / W E L L )  

o . oo6 K • 0 . 2  o .o6 o .o2 
Y E A R  

0 .002 o .ooo6 o .ooo2 o .oooo6 0 . 0 0 0 0 3  0 . 0 0 0 0 1  ( MD )  

1 1 1 5 0 2 8 6 9 4 1 86 2 8 7 0 1 9 8 2  1 3 0 1 8 1 3  4 5 1  

I-' 
2 7 9 5  1 9 8 6  2 7 1 2 1 7 1 6  1 1 1 2  7 0 2.  4 4 4  2. 5 9 00 

I 
IV 
0'\ 

5 4 7 8  1 2 6 3  1 7 5 1  10 9 3  6 9 5  4 09 2. 5 9  1 5 3  

1 0  2 8 3 8 1 7  1 2 2 9 7 9 3  4 8 9 2 9 9 1 80 1 0 6  

1 5  1 8 8  5 7 7  9 5 4  6 5 0 4 0 6  2 4 7  1 46 8 7  

2 0  1 4 0 4 4 7  7 8 8 5 6 2  3 5 6 2 1 1  1 2 7  7 4  

3 0  80 2 7 7 5 5 2 4 5 0 2 9 7  1 7 4 1 09 6 1  

3 0- Y E A R 
C U M M . 
P R O D . 8 2 3 0 2 3 0 0 4  3 5 7 6 3  2 4 1 9 0  1 5 4 7 3  9 4 1 1  5 8 1 1  3 3 8 1  

C M � C F ) 



TABLE 1 8- 1 3 

PRODUCT I ON WELL REQU I REMENTS 

BAS I N : Edwar d s  L i me 
SUB-BAS I N : 
FORMAT I ON :  Centr a l 

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOV ERABLE 

WEL LS/SECT I ON WELLS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM . REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WEL LS 
( MD )  ALL GAS I MAX=4 1 ( BCF ) ALL GAS I MAX= I 2 1  ( BCF ) 

1-' . 2 . 88 1  . 88 1  22  . 503 . 503 22  OJ I rv 
--...) . 06 1 . 063 1 . 063 393 . 526 . 526 393 

. 02 1 . 49 1 1 . 49 1 973 . 643 . 643 973 

. 006 2 .  727 2 .  727 1 450 . 999 . 999 1 4 50  

. 002 4 . 960 4 .  982 1 .  574 1 .  5 74 1 2 1 8  

. 0006 8 . 537 4 .  49 1 2 . 4 74 2 . 4 74 1 048  

. 0002 1 5 . 580 4 .  64 4 . 27 7  4 . 27 7  249 

. 00006 27 . 542 4 1 8  7 . 358  7 . 358 '1 24  

4393 5477  



f--' 
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TABLE 1 8- 1 4  

I NVESTMENT AND OPERAT I NG EXPENSES 

Geo l ogy and Geop h ys i cs ( $/Pros pect ) 

Dr i I I i ng Cost ( $/We i I )  

Fracture Cost ( $/We i I )  

Base Ca se [ 1 000 Ft . Fract u r e ]  

BAS I N : Edward s L i me 
SUB-BAS I N : 
FORMAT I ON :  Centra l 

Ad vanced Case [ 2000/4000 Ft . Fracture ]  

S urface Eq u i pment ( $/We i I )  

An n ua l Operat i ng Expense ( $/We i I )  

Compres sor Fue l Cost ,  Rat i o  of Cost to 

W .  I • Gas Revenue  

6 5 , 000 

2, 82 1 , 000 

1 0 7 , 000 - 444 , 000 
1 36 , 000 - 1 , 4 7 1 , 000 

4 5 , 000 

7 , 500 

. 0236 



BAS I N  Edwards L i me Centra l 
SUB BAS I N  

PROF I T  K-LEVELS 
GAS PR I CE PROSP. ON STREAM 

CASE NO. $/t'CF _ % _  NO. VALUE * 

D i scount Rate 1 0% 
2202 1 1 1  1 . 50 1 2 . 4  2 BC 

2 1  2 . 50 2 3 . 7  4 ABCD 
3 1 3. 1 0  38 . 3  5 AHCUE 
4 1  3 . 50 " " " 
5 1  5 .00 " " " 
6 1  7 . 00 5 1 . 2 6 ABCllEF 
7 1  9.00 56 . 0  7 ABCDEFG 
8 1  1 2 . 00 " " " 

� 
co 

D i scount Rate 1 5% I 1\..) 1 2  I .  50 1 2 . 4  2 BC 
1.0 22 2 . 50 23 . 6  3 BCD 

32 3. 1 0  23. 7  4 All CD 
42 3 . 50 " " " 
52 5 .00 38 . 3  5 ABCDE 
62 7 . 00 5 1 . 2 6 AHCllEF 
72 9. 00 " " " 
82 1 2 . 00 56. 0  7 ABCDEFG 

D i scount Rate 20% 
1 3  1 . 50 9. 2 1 c 
23 2 . 50 1 2 .4 2 BC 
33 3. 1 0  23 . 7  4 AI:! CD 
43 3 . 50 " " " 
53 5. 00 38 . 3  5 ABCDE 
63 7 . 00 " " " 
73 9. 00 5 1 . 2 6 ABCDEF 
83 1 2 . 00 " " " 

*CODE : A B c D E 
0 . 2 .0 6 0 . 0 2 0 . 0 06 0 . 00 2  

TABLE  

ECONOM I CS 

FORMAT I ON 

AVERAGE PER PROSPECT 
E & P GAS NET PRE S .  llCF RATE 

I NVEST . PROD . VALUE OF RETURN 
_$_M _ BCF $M % 

5 1 7 1  3 . 900 - 1 867  0 
70 1 2  9 . 050 - 1 32 9 . 4  
9627 1 4 . 299 1 4 7 7  1 5 . 0  " " 2277 1 7 . 7  " " 527b 21:!. 4  

1 2226 1 7 .085 1 0490 4 2 . 1:!  
1 2598 1 7 . 890 1 5447 56 . 8  " " 22733 80 . 9  

5 1 7 1  3 . 900 -2067 o.o  
6998 9 . 024 -948 9 . 4  
70 1 2  9.050 -34 1 1 2 . 9  " " 6 1  1 5 . 3  
9627 1 4 . 299 2734 28 . 4  

1 2226 1 7 .085 628 1 42 . 8 " " 9627 58. 6  
1 3598 1 7 . 890 1 49 7 1 80. 9  

4977 2 . 9\13 -22 5 5  0 
5 1 77 3. 900 - 1 782 2 . 9  
70 1 2  9 . 050 -926 1 2 . 9 " " -6 1 5  1 5 . 3  
9627 1 4 . 299 1 3 1 0  28 . 4  " " 3528 4 2 . 9  

1 2226 1 7 .085 6495 58 . 6  " " 1 0363 82 . 4  

F G 
o . oo 02 0 . 000 06 

1 8- 1 5  

SUMMARY 

BAS I N  TOTALS 
MAX. NO . 

GAS RECOVER. MAX RECOV . PROSP . 
AT PR I CE,BCF G IP1BCF AT PR I CE 

- - -
- -

3820 4D56 267 

4 3 1 1 5 1 04 252 
4375 5353 245 

- - -
- - -- - -

2838 2838 3 1 3  
3820 4056 267 
4 3 1 1 5 1 04 2 52 " " " 
4375  5353 245  

- - -
- - -
- - -
- -

3820 4056 267 " " " 
43 1 1  5 1 04 252 

TECHNOLOGY 
DATE 

W I LDCAT 

Base 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 
_%_ Q.cy Prod .  Q!:y_ Prod. 

8 . 7  
1 6 . 6  
26.8  280 1 02 87  348 

3 5 . 8  232 1 29 1 23 493 
39 . 2  2 1 3  1 37 1 40 5 6 1  

a .  7 
1 6 . 5  
1 6 . 6  " 374 74 50 1 98 
26 .8 280 102  1:!7 348 
3 5 . 8  232 1 29 1 2 3  493 " " " " " 
39 . 2  2 1 3  1 3 7  140  56 1 

6 . 4  
8 . 7 

1 6 . 6 " 
26 . 8 280 1 02 87 348 " " " " " 
3 5 . 8  232 1 29 1 23 493 

Tota l 

8 1 7  

977  
1 0 5 1  

696 
8 1 7  
977  " 

1 0 5 1  

8 1 7  " 
977  



TABLE 1 8- 1 6  

ECONOM I C S SUMMARY 
BAS I N  Edwards L i me Centra l 
SUB BAS I N  FORMAT I ON 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T  K-LEVELS E & P GAS NET PRE S .  DCF RATE 

GAS PR I CE PROSP. ON STREAM I NV E ST . PROD . VALUE OF RETURN GAS RECOV ER . MAX RECOV . 
CASE NO . $/MCF _% _ NO . VALUE * _$_M_ BCF $M 'f, AT PR I CE,BCF G I P,BCF 

D i scount Rate 1 0% 
22022 1 1 1 . 50 38 . 3 5 ABCDE 6840 1 4 . 38 1  75  1 0 . 3  4056 4056 

2 1  2 . 50 5 1 . 2  6 ABCDEF 8902 1 9 . 202 3 7 7 2  26 . 4  5 1 04 5 1 04 
3 1  3 . 1 0 " " " " " 5782 3 5 . 8 
4 1  3 . 50 56 . 0  7 ABCDEFG 1 1 063 2 1 . 84 3  7674 40 . 9 5353 5353 
5 1  5 . 00 " " " " " 1 3320 6 6 . 3  
6 1  7 . 00 58 . 2  8 ABCDEFGH 1 1 795 22 . 388 2 1 1 46 99 . 2 5477  54 7 7  
7 1  9 . 00 " " " " " 2885 1  1 3 2 . 7 
8 1  1 2 . 00 " " " " " 40409 1 80 . 4  

t-' 
00 D i scount Rate 1 5% 

I 1 2  1 . 50 38 . 2  4 BCDE 6832 1 4 . 358 - 7 1 9  1 0 . 3  
w 22 2 . 50 51 . 2  6 ABCDEF 8902 1 9 . 202 1 955 26 . 4  5 1 04 5 1 04 
0 32 3 . 1 0 " " " " " 3484 35 . 8 

42  3 . 50 " " " " " 4 504 42 . 2 
52 5 . 00 56 . 0 7 ABCDEFG 1 1 063 2 1  . 843 9036 66 . 3 5353 5353 
62 7 . 00 " " " " " 1 4 733 1 00 . 4 
72 9 . 00 58 . 2 8 ABCDEFGH 1 1 79 5  2 2 . 388 20728 1 32 . 7  5477  5 4 7 7  
82 1 2 . 00 " " " " " 29470 1 80 . 4 

D i scount Rate 20% 
1 3  1 . 50 23 . 6 3 tlCD 5966 8 . 999 - 1 6 1 4  5 . 6  -
23 2 . 50 38 . 3  5 ABC DE 6840 1 4 . 38 1  385 23 . 2 4056 4056 
33 3 . 1 0 5 1 . 2  6 ABCDEF 8902 1 9 . 202 2097 35 . 8  5 1 04 5 1 04 
43 3 . 50 " " " " " 29 1 7  4 2 . 2 
53 s . oo 56 . 0 7 ABCDEFG 1 1 063 2 1  .843 644 1  6 6 . 3  5353 5353 
63 7 . 00 " " " " " 1 1 000 1 00 . 4  
73 9 .00 58 . 2 8 ABCDEFGH 1 1 7 9 5  22 . 388 1 57 56 1 32 . 7 5477 5477 
83 1 2 . 00 " " " " " 22750 1 80 . 4 

*CODE : A B c D E F G H 
0 . 3  0 . 1 0 .03 0 . 0 1  0 . 003 0 . 00 1 0 . 0003 0 . 0006 

MAX . NO . 
PROSP . 

AT PR I CE 

282 
266 

24 5 

" 

-

266 

245 

" 

282 
266 

245 

" 

TECHNOLOGY 
DATE 

W I LDCAT 

Advan ced 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVELOPMENT 

_%_ Q!:y Prod . Q.a_ Prod . 

26 . 8 295 1 08 2 1  84 
35 . 8 244 1 36 47  188 

39 . I 2 1 3  1 37 68 273 

4 0 . 7  207 1 4 2  76  305 

26 . 7  
35 .8 244 1 36 47  188 

39 . I 2 1 3  1 37 68 273 

40 . 7  2 0 7  1 4 2  7 6  305 

1 6 . 5  
- 26 .8  29 5 1 08 2 1  84 

3 5 . 8 244 1 36 47  1 88 

39 . 1  2 1 3  1 37 68 273 

4 0 . 7  207 1 4 2  76  305 

Tota l 

509 
6 1 5  

69 1 

73 1 

6 1 5 

69 1 

73 1 

509 
6 1 5  

69 1 

73 1 



Ch apter Ni ne teen 

COTTON VALLEY BAS I N  

L I S T  O F  TABLES 

Explora t io n  Per formance - - Eas t  Te xas Ba s i n  • . • • • • . . . . . • • •  

Explorat ion Pe rformance - - North Lou i s i an a  Ba s in • • • • • . • • .  

Cot to n  Val l ey Produc i ng F i e l d s  ( Te xa s ) . • • . . • • . • • • . • • • . . • •  

Co tton Va l ley Produc ing F i elds ( North Lou i s i a n a ) • • • • . • . • •  

Ma x imum Recoverab l e  Gas and Product i ve Are a . • . • . • • • • • • • • .  

Summa ry o f  Ga s Po ten t i a l  • . • . . . • • • . • • . . • • . . • • • • • • . . . • • • • • •  

Geolog i c a l  Da ta Summa ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

We l l  Prod u c t ion Summa ry - - Ba se Case • • . . . • . • . • • . • • • • • • • . •  

We l l  Pro d uc t io n  Summa ry - - Ad vanced Case • . . . . . . . • • • • • . . • •  

Produc t ion We l l  Req u i reme nts . . . • • . • . • . • . • . • • . • • • • • . . • . • . .  

Inves tme n t  and Ope ra t i n g  Expenses . . • . . . • • • • • • • . • . • • • . • . . •  

Econom i c s  Summa ry Base C a se • . . • • . . • • . • • . • • . • • • . . . . . . • .  

Econom i c s  Summa ry - - Ad vanced Case • • • . • • • • • • • • . . • • • • • • . • •  

F i g ure 

1 9 - 1  

1 9 - 2  
1 9- 3  

1 9-4 

L I ST OF F I GURES 

Ind e x  to T i gh t Ga s Are a s  -- Cot to n  Va l l e y  
Sand Tr e nd . . . . . . . . . . . . . . . • • • . • . . . . . • . • • . . • . . .  

De ta i l  Type Se c t io n  • • • • • • . • • • • • . . • . . • . • • . • • . • • .  

F i eld S i z e  Di str ibu t ion of Prod u c i b l e  Ga s ,  
Cot to n  Val l ey Trend . • . . . . • • • • . • . • . • • • • . • . . . • •  

Co t to n  Va l ley Prod uc t ion • • • • • • • • • • • . • • • • . • • • . • •  

1 9 - 1 0  
1 9 - 1 1 
1 9 - 1 4  
1 9- 1 6 
1 9 - 1 7  
1 9 -1 7 
1 9 - 1 8  
1 9 - 1 9 
1 9- 2 0  
1 9 - 2 1  
1 9 - 2 2 
1 9 - 2 3  
1 9 - 2 4  

1 9 - 2  
1 9 - 3  

1 9 -1 2 
1 9 - 1 3 



Chapte r N i n e te e n  

C OTTON VALLEY BAS I N  

GEOLOGY 

General De s c r ip t ion 

The Co t to n  Val l ey trend is  i n  the three corn e r s  area of Texa s , 
Lou i s iana , a nd Arkan s a s  ( F i g u r e  1 9 -1 ) .  I t  i n c l ud e s  abou t 2 0 , 6 0 0  
square mil e s , o f  wh i ch some 1 3 , 1 4 0  square m i l e s  i s  prod uc i ng o r  has  
t ig h t  g a s  po ten t i a l . An add i t ional  7 , 4 6 0  square m i l e s  h a s  spe c u l a
t ive po ten t i a l , but i s  no t eva lua ted i n  th i s  r e po r t .  S t r uc t ur a l ly , 
the area i s  bounded o n  the northea s t  by the Mo nroe Upl i f t ,  o n  the 
north by the Sou t h  Arka n s a s  Fa ul t Zone , and o n  the we s t  by the 
Me x i a-Ta l co Faul t Zone . I n  add i t ion to s truc t ur a l  contro l , pro
duct ion i s  l imi ted by a d ownd i p  ( south ) s tr a t ig raph i c  c h a ng e  to 
bas inal sha l e . S t ra t ig raphy a l so pl ays a par t  i n  l im i t i ng the pro
d uc t ion to the north by chang i ng to a con t i n e n t a l  f ac ie s . 

The s ur f ac e  rocks ove r mos t  o f  the area are Eocene i n  age . 
The max imum sed imen tary t h i ck n e s s  from the base o f  the Pa l eo z o i c  
through Eocene i s  more t h a n  4 0 , 0 0 0  fee t .  The pos t  Louann s a l t 
Jurass i c  th i ckn e s s  i s  abou t 4 , 0 0 0  fee t .  

The traps pre s e n tly produc i ng from th i s  trend are both s t ru c 
t ural and s tr a t igraph i c . Pre s e n t  " t igh t" g a s  e xplora t i on i s  
d irec ted pr imar ily towa rd f ind i ng the s t ra t ig raph i c  t r ap . Sub s ur
face geology is  the mos t  e f fe c t ive tool used where we l l  control 
e x i s t s . Se i sm i c  is  u sed in  s truc tural  area s  away f rom we l l  con trol 
to map f a u l t s  in r e la t ion to pro d uc i ng trend s . Gen e r a l  prod uc i ng 
d epths are i n  the 8 , 0 0 0  t o  1 4 , 0 0 0  foot range , b u t  d e p t h s  i n  e x c e s s  
of 2 0 , 0 0 0  fee t may b e  nece s s a ry i n  the f u t ure t o  d ev e l op t h e  t ig h t  
gas  sand s . 

I t  i s  genera l ly ag reed that the Co t to n  Va l l ey fo rma t io n  repre
sents a r eg re s s ive ser i e s  o f  sed iments w i t h  r e g i o n a l  unco n fo rm i t i e s  
occur r ing bo th above and be l ow i t .  The sands ton e s  we r e  d e po s i ted 
in a general e a s t-we s t  d i r e c t ion s ubparal l e l  to the s hore l in e  i n  
o f f shore bars , d e l t a  fronts , a nd lag oonal env i ronme n t s . 

F ig ur e  1 9 - 2  i s  a s e c t ional d e ta i l  show i ng the Co t to n  Va l l ey . 

Explora t io n  H i s tory 

In 1 9 3 7  the Oh i o  O i l  Compa ny ( Ma ra thon O i l  Comp a ny ) d r i l l ed the 
f i r s t  we l l  in wha t  l a ter b e c ame the Co t to n  Val le y  Tre nd . Gas wa s 
f i � s t  found i n  the 1 9 4 0 ' s  i n  Lou i s iana i n  upd i p  p i nchou t s  s ubparal
lel to s tr uc t ural  s tr i ke . Large scale d r i l l i ng a c t i v i ty o c c ur r e d  
i n  the e arly 1 9 5 0 ' s .  Dur i ng th i s  per iod the s e i smog raph wa s used 
to map s t r uc t ural  a t t i t ud e s  o f  the prol i f i c f i e l d s  found in  
Arkansa s , and i n  the 1 9 6 0 ' s  the ac t iv i ty moved to Te x a s . I n  the 
1 9 7 0 ' s , whe n  gas  pr i c e s  i n c re a sed and ma s s ive h yd ra ul i c  frac t ur i ng 
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t e c h n ique s we r e  improved ,  the e conom i c s o f  prev i ou s l y  m a rg i nal 5 0 0 
MCFPD o r  l e s s  we l l s b e c ame a t tra c t ive and d evelopmen t e xpand ed to 
i nc l ud e  s t r a t ig r aph i c a l ly trapped g a s . Eve n  though d r i l l i ng and 
frac j ob s  h ave b e c ome more e xpen s ive , d r i l l i ng h a s  i nc r e a sed to the 
prese n t  t ime . Tab l e s  1 9 -1 a nd 1 9 - 2  d e ta i l  the d r i l l i ng h i s to ry and 
re s ul t s  in two t ime per io d s  -- 1 9 6 0  to 1 9 6 9 ,  and 1 9 7 0  to 1 9 7 9 .  Th e 
d a ta are for the Ea s t  Te x a s  and No rth Lou i s i ana b a s i n s  for we l l s  
d r il l ed to a l l  fo rma t ion s . Dr i l l i ng s ta t i s t i c s  for t h e  Co t to n  
Va l l ey s and s tone al one a r e  not av a i l able  for a prec i se c omp i l a t i on . 
Howeve r ,  the general l evel o f  a c t ivi ty c an be i n fe rred from the 
t a b l e s . 

PRODUCT ION 

F i e l d s  prod uc i ng from Co t ton Va l l ey in Te x a s  are s h own in Tab l e  
1 9- 3 . S im i l ar l y , north Lo u i s i ana Co t to n  Va l l ey f i e l d s  are s hown in 
Tabl e  1 9- 4 . 

GAS PRODUC T I ON AN D ECONOM I C S  

The map i n  th i s  repo r t  ( F i g ur e  1 9 -1 ) s hows the Co t to n  Va l l ey 
sands tone trend ( 5 , 8 0 5  square m i le s )  by the hach ured pa t t e r n , the  
e va l u a ted area ( 7 , 3 3 5  s quare mi l e s )  by the d a shed l i n e  pa ttern , and 
the s pe c u l a t ive no n-eva lua ted are a  ( 7 , 4 6 0  square m i le s ) by the 
d ashed l i n e . The to tal of all  areas i s  2 0 , 6 0 0  s q uare m i l e s , a nd 
the to t a l  of the prod uc i ng and eva luated area i s  1 3 , 1 4 0  s q uare 
m i l e s .  The non-ev a l u a ted area i s  recog n i z e d  a s  h av i ng s pe cu l a t ive 
po ten t i al because w id e ly spaced we l l s h ave s a nd d ev e l oped , and some 
l ow volume g a s  we l l s  e x i s t .  Co tto n  Va l l ey L ime produc t io n  i s  a l so 
pre s e n t  i n  the are a . Deve l opmen ts s ubsequen t to the d a t a  g a t he r i ng 
c u t-o f f  d a te have upg raded the po te n t i a l  of th i s  a re a . 

Th e a s s ig nmen t  o f  po ten t i a l ly prod uc t ive a r e a s  wa s g u i d ed by 
AAPG d r i l l i ng s ta t i s t i c s  o f  the l a s t  2 0  yea r s  a l o ng w i th s ub j e c t ive 
e xpe r ience , and j ud geme n t .  Ra nge s of pe rmeab i l i t i e s  we re a s s ig ned 
a probab i l i ty of o c c urrence in a pe rcentag e  o f  the to tal are a wh i c h  
i n  turn d e term i ned the prod uc t ive area f o r  each perme ab i l i ty range . 
Po ro s i ty ,  e f fec t ive in s i t u  gas pe rme ab i l i ty ,  g ro s s  pay , ne t pay , 
g a s i n  pl a c e , a nd a g a s  re cove ry f a c to r  we re used to c a l cu l a te the 
recoverable gas for e a c h  area w i t h i n  the a s s igned o u t l i n e . The s e  
d ata a r e  shown i n  Ta b l e  1 9 - 7  t o  1 9 -1 0 .  

A base  c ase w i th a 1 , 0 0 0  foot i nd u c ed frac t ur e  and an advanced 
case w i th up to a 4 , 0 0 0  foo t i n d uc ed fract ure we re d eveloped fo r 
various d i sc o u n t  r a te s . Tab l e  1 9 -1 1 s hows the i nve s tme n t  and 
ope r a t i ng expe n s e s  used i n  the eva l u a t io n . Econom i c s  for two c as e s  
shown i n  Tab l e s  1 9 -1 2  a n d  1 9 - 1 3  a r e  c ompared a s  f o l l ows . 
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Ga s pr i c e  
Di scoun t rate 
Number of pe rm . l ev e l s  

prod uct ive 

Base Case 
( 1 , 0 0 0  foo t frac . ) 

$ 5 . 0 0  
1 5 %  

7 
Base Case 

( 1 , 0 0 0  foo t fra c . ) 

Advanced Case 
( 4 , 0 0 0  foot frac . ) 

$ 5 . 0 0  
1 5 % 

8 
Advanced Case 

( 4 , 0 0 0  foot frac . ) 

Numbe r  of wel l s  needed , 
prod . 2 , 4 6 8  ( 7 0 %  S u c c . ) 1 , 8 4 8  ( 7 0 %  S uc c .  ) 

Numbe r of wel l s  needed , 
d ry 

Prospec t s  d r i l l e d  
Re cove rabl e g a s  f o r  area 
To tal i nve s tmen t  for a r e a  
DC F ROR per prospe c t  
Ne t pre sen t va l ue pe r 

prospec t  
Pro f i t  per i nve s tme n t ,  $/$ 

1 , 0 4 2  
5 9 6  

8 . 4  TCF 
* 3 , 0 5 6 . 3  MM$ 

3 0 . 6 % 

2 . 6 MM$ 

* 5 9 6  prospe c t s  t ime s 5 , 1 2 8 M $/prospe c t  
* *  5 6 9  prospec t s  t ime s 7 , 5 2 5  $ /prospe c t 

9 . 8 
* * 4 , 2 8 1 . 7 

8 0 7  
5 6 9  

TCF ( 1 2 %  more ) 
MM $ ( 4 0 %  more ) 

3 8 %  

5 . 4 MM$ 

In  th i s  compar i so n  the ad va nced case wou l d  recove r 1 . 4 T C F  more 
gas than the base c a s e , but an add i t ional e xpend i t ure of 1 , 2 2 4 . 5MM$ 
or $ 0 . 8 7/MCF wou l d  be needed . Compl e te econom i c  s umma r ie s  for base 
and ad vance c a s e s  are pre sen ted i n  Tab l e s  1 8 - 1 5  and 1 8 -1 6 .  The 
e xplorer can se l e c t  the c a se b e s t  s u i ted to h i s  i nve s tme n t  need s . 
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TABLE  1 9- 1  

EXPLORAT I ON PERFORMANCE - East  Texas Bas i n  

126 0  - 1262 1210 - 12ZZ 1960 - 12ZZ 
A l l New New Poo l s & A l l New New Poo l s  s. A l l New New Poo l s  i-

W e l l s  
Number of Success fu l  W i l dcat W e l l s  

F i e l ds Dee�e r P rod . We l l s F i e l d s Dee�e r Prod . We l l s  F i e l ds  Dee�e r P rod . 

Tota l 266 1 84 82 1 40 1 1 0  30  406 294 1 1 2 
Gas 1 1 7 74 43 94 77 1 7  2 1 1 1 5 1  60 
0 1 1 1 33 95 3 8 43 3 2  I I  1 76 1 27 49 
O i l and Gas 1 6  1 5  I 3 I 2 1 9  1 6  3 

Amoun t of Pet ro l eum Found 
Tota I .  Ml·tBOE ** 1 058 . 2 900 . 3  1 57 . 9  505 . 2  39 1 . 4 1 1 3 . 8  1 563 . 4  1 29 1 . 7  27 1 . 7  
Gas , BCF 254 1 . 7  1 866 . 3  675 . 4 1 657 . 4 1 263 . I 394. 3  4 1 99 .  I 3 1 29 . 4 1 069 . 7  
0 I I .  HM B b I s .  309 . 9  284. 2  25 . 7  63 . 7  55 . 3  8 . 4 3 73 . 6  339 . 5 34. 1 

Number of W I ldca t W e l l s  
Tota l 2 1 95 2026 169 1 040 966 74 3235 2992 243 

� Gas  -lc 965 89 1  74 699 649 50 1 664 1 540 1 24 1.0 I O i l * 1 098 1 0 1 3  85 3 1 9 297 22 1 4 1 7 1 3 1 0 1 07 � 
0 I I  and Gas 1 32 1 22 1 0  22 20 2 1 54 1 42 1 2  0 

Number of W l l dca t s , O  & G/yea r 220 203 1 7  1 3 0  1 2 1 9 l BO 1 66 1 4 

Pe rcent W i l dcats Succes s fu l  
Tota l 1 2 .  I 9 .  I 48 . 5  1 3 . 5  1 1 . 4 40 . 5 1 2 . 6 9 . 8 46 . 1 
G a s  1 2 .  I 8 . 3 sa . 1 1 3 . 4 1 1 . 9 34. 0  1 2 . 7  9 . 8 48 . 4 
O i l 1 2 .  I 9 . 4 44. 7  1 3 . 5  1 0 . 8  so . o  1 2 . 4 9 . 7  45 . 8 
O i l and Gas 1 2 .  I 1 2 . 3  1 0 . 0  1 3 . 6 5 . 0  1 00 . 0  1 2 . 3  1 1 . 3 25 . 0  

Amount Found /Succes s fu l  W i l dca t 
Tota I .  MHB OE E 4. 0  4 . 9  1 . 9 3 . 6  3 . 6 3 . 8  3 . 9  4. 4 2 . 4 
G a s , BCF 2 1 . 7  25 . 2  1 5 . 7  1 7 . 6  1 6 . 4 23 . 2  1 9 . 9  20 . 7 1 7 . 8 
0 1 1 .  MH Bb 1 s  2 . 3  3 . 0  0 . 7  1 . 5 1 . 7  0 . 8  2 .  I 2 . 7 0 . 7 

Ave rage Depth o f  W e l l s .  M f t .  
O i  I 7 . 02 6 . 7 1 7 . 80 8 . 46 8 . 76 7 . 59 7 . 37 7 . 23 7 . 76 
G a s  9 . 38 9 . 38 9 . 39 I 0 .  1 2  1 0 . 05 1 0 . 47 9 . 7 1 9 .  72 9 . 68 

* E s t i mated by mu l t i p l y i n g  the numbe r w i l dca t s  by t he same percen tage d i s t r i bu t i on as the s ucces s fu l  w i l dca t s . 
m'r I nc l udes gas I n  so l u t i on w i th o i l and condens a te produced w i th gas . Convers i on 5 . 8 MCF • 1 bb 1 o i l .  



TABLE 1 9- 2  

EXPLORAT I ON PERFORMANCE - North Lou i s i ana Bas i n  

1960 - 1969 12ZO - 12ZZ 1960 - 12ZZ 
A I I  New New Poo l s  &. A l l New Now Poo h &. A l l New New Poo l s  &. 

W e l l s  F i e l ds Dee�e r P rod . Ye l l s  F i e l ds Deepe r Prod . We l l s F i e l ds Deepe r P rod . 
Numbe.r of Success fu l  W i l dcat We i h 

1 06 Tota l 1 96 90 1 58 1 27 3 1 354 2 1 7  1 37 
G as 89 44 45 95 77 1 8  1 84 1 2 1  63  
O i l 1 00 44 56 6 1  49 1 2  1 6 1  93 68 
O i l and Gas 7 2 5 2 1 I 9 3 6 

Amoun t  of Pet ro l eum Found 
Tota I ,  HHBOE ** 35 1 .  I 279 . 7 7 1 . 4  1 60 .  1 1 1 4 . 0 lf6 . I 5 1  t .  2 393 . 7  1 1 7 . 5 
G a s , BCF 945 . 6  830 . 6  1 1 5 . 0  365 . 8  262 . 0  1 03 . 8  1 3 1 1 . 4 1 092 . 6  2 1 8 . 8  
0 1 1 ,  HH Bb l s .  29 . 6  1 2 . 4  42 . 0  50 . 2  45 . 6  4. 6 79 . 8  5 8. 0 lf6 . 6  

Number of W i l dca t  W e l l s  

I--' Tota l 1 873 1 554 3 1 9 1 342 1 254 88 3 2 1 5  2808 40 7 
"' G a s  ,·c 85 1 705 1 46  807 754 53 1 658 1 459 1 99 I O i l -/( 955 793 1 62 5 1 8  484 34 1 473 1 277 1 96 I--' I--' O i  I and Gas 67  56 1 1 1 7 1 6  I 84 72 1 2  

Number of W l l dca t s , O  & G/yea r 1 87 1 55 3 2  168 1 5 7  1 1 1 79 1 56 23 

Percen t W i l dca t s Succes s fu l  
s . 8  1 1 . 8  To ta l 1 0 . 5 33 . 2  I 0 .  I 3 5 . 2 1 1 . 0  7 . 7 33 . 7  

G a s  1 0 . 5  6 . 2  30 . 8  I L 8 1 0 . 2 34. 0 1 1 .  I 8 . 3  3 1 . 7  
O i l 1 0 . 5 5 . 5  34. 6  1 1 . 8 I 0 .  I 35 . 3  1 0 . 9  7 . 3  34. 7 
O i l and Gas 1 0 . 4  3 . 6  45 . 5  1 1 . 8 6 . 3  1 00 . 0  1 0 . 7 4. 2 so . o  

Amoun t Found /Succes s fu l  W i l dca t 
Tot a I ,  HHBOEE 1 . 8 3 .  I 0 . 7 1 . 0 0 . 9  1 . 5  1 . 4 1 . 8 0 . 9  
Gas , BCF 1 0 . 6  1 8 . 9 2 . 6  3 . 9 3 . 4  5 . 8  7 .  1 9 . 0  3 . 5  
O i l ,  HH Bb l s  0 . 3  0 . 3  0 . 8  0 . 8  0 . 9 0 . 4  0 . 5  0 . 6  0 . 7 

Ave rage Depth of W e l l s ,  H f t .  
4 . 3 2 4 . 64 6 . 99 6 . 97 7 . 08 O i  I ) . 9 1  5 . 33 5 . 52 5 . 08 

Gas 6 .• 41 6 . 2 1  6 . 60 7 . 3 1  6 . 54 1 0 . 6 1  6 . 83 6 . 42 7 . 62 

* E s t i ma t ed by mu l t i p l y i n g the number w i l dcats by t he same percentage d i s t r i bu t i on as the succes s fu l w i l dca t s . 
** I nc l udes gas I n  so l u t i on w i th o i l and condensa te produced w i th gas . Convers i on 5 . 8  HCF • 1 bb l o i l . 
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TABLE  1 9- 3  

FIELDS WITH COTTON VALLEY PRODUCTION (IN TEXAS ) 

Distric t  5 - Ga s Field 

Bald Prairie 
Bald Prairie 
N .  Bald Prairie 
Bear Grass 
Cotton Gin 
Cotton Gin 
Denny 
Ed om 
Fallon 
Farrar 
Farrar 
N. Farrar 
Freestone 
Freestone 
Hayes 
Headsville 
Hunter 
Kirvin NE 
Little Buddy 
Malakoff 
Mann 
N. Mann 
Mimms Creek 
Oletha 
Opelika 
N .  Personville 
NE Personville 
Pokey 
E .  Pokey 
Prairie Grove 
Reed 
Reed 
N Reed 
N Reed 
Reka 
Round House 
N Simsboro 
N Simsboro 
Steward s  Mills 

II 

Tate 
Teague 
Teague 
SW Teague 
W Teague 
Teague Township 
Teas 

1 9 - 1 4  

(Reservoir) 

(CV Bo ssier) 
(CV Lime) 
(CV) 
(CV lime) 
(CV) 
(CV-sand ) 
(CV) 
(CV) 
(CV) 
(CV lime) 
(CV sand ) 
(CV sand ) 
(Bo ssier sand) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(cv· sand) 
(Bossier) 
(CV sand ) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV sand) 
(Haynesville) 
(CV) 
(CV lime) 
(CV lime) 
(Haynes ) 
(Bo ssier Sd) 
(CV) 
(CV lime) 
(CV sand) 
(CV) 
(Bossier Sand) 
(CV) 
(CV) 
(Haynes & CV) 
(CV) 

County 

Rober tson 
II 
II 

Leon 
Fr ees tone 

II  

Falls 
Van Zand t 
Limestone 
Limestone 

II 
II 

Fr eestone 
II 

Rober tson 
Limes tone 
Freestone 
Freestone 
Limestone 
Hender son 
Freestone 

II 
II 

Limestone 
Hend erson 
Limestone 

II 
II 
II 

Limestone 
Fr eestone 

II 
II 
" 

Navarro 
Navarro 
Freestone 

II 

Freestone 
II 
" 
II 
II 
II 
II  
II  
II 



Distr ict 6 - Gas 

TABLE  1 9- 3  ( Conti nued ) 

Field 

Beckville 
N Beckville 
W Beckv ille 
Belle Bower 
Bethany 
E .  Bethany 
Blocker 
Car thage 
S .  Carthage 
SE Carthage 
Cayuga 
Cedar Spring s 
Cedar Spring s 
Centennial 
Chapman 
Cherokee Trace 
Cyril 
Dirgin 
Fairplay 
G ilmer 
S Gilmer 
S Gilmer 
S Hallsville 
Henderson 
Kildare 
Lake Farrell 
Lassater 
Oak Hill 
Overton 
Overton 
NE Overton 
Pod 
Rosewood 
Rufus 
Runnion 
Sabine 
Stockman 
SW Tatum 
Tenaha 
Trawick 
Waskom 
Waskom 
Waskom 
Willow Springs 
Willow Springs 
Woodlawn 
NE Woodlawn 
SW Woodlawn 

1 9 - 1 5  

(Reservoir) 

(CV) 
(CV) 
(CV) 

(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV sand) 
(Haynes) 

(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV , up) 
(Hoss-cv) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV sand) 
(Haynes) 
(Haynes ) 
(CV) 
(Hoss-cv) 
(CV) 
(CV) 
(CV) 
(CV) 
(Hoss-cv) 
(CV mas s LS) 
(CV) 
(CV 
(CV , LO . )  
ccv· s1oo) 
(CV) 
(CV) 
(CV) 
(CV) 
(CV) 

County 

Panola 
II 
II 
II 

Harrison 
Panola 
Harrison 
Panola 

II 
II 

Anderson 
Upshur 

II 

Panola 
Rusk 
Upshur 
Rusk 
Rusk 
Panola 
Upshur " 

" 
Harr ison 
Rusk 
Cass 
Marion 

II 

Rusk 
Smith 

II 

Rusk 
Rusk 
Upshur 
Rusk 
Smith 
Harrison 
Shelby 
Rusk 
Shelby 
Nacogdoches 
Harr ison " 

" 
Gregg " 
Harrison " 

" 



BOSSIER 

Arkana 

Ben toni 

Lake Bistineau 

Plain Deal ing 

Rocky Mount 
Sarepta 
Scottsville 
Sentell 
Sligo 

CADDO 

Pine I s land 
Ouachita 
Caspiana 
Dixie 
Greenwood , E 
Longwood 
Waskom 

CALDWELL 

Caldwel l  
Vixen 

ClAIBORNE 

Anticoch 
Athens 

Colquit , NW  
Dykesville , E  

Haynesville 
Homer 

Sugar Cr 
Summerfield 

DESOTO 

Grogan 

TABLE 1 9-4  

NORTH LOUISIANA COTTON VAL LEY  FIELDS 

PAR I SH 

1 9 - 1 6  

LINCOLN 

Choudrant 

Clay 

Rico 

Ruston 

Terryville 
Unionvil l e  

OUCH ITA 

Fremont 

UNION 

Bernice 
Downsvil le 
Marion 
Monroe 

WEBSTER 

Ada 
Cotton v .  
Ivan 

Lincoln 

Minden 

Shongaloo 



I-' \.0 ! I-' -...J 

BAS I N  

C ot t on Va l l ey 

BAS I N  

Cotto n V a  I l ey 

SU B-BAS I N  

S UB-BAS I N  

TABL E  1 9- 5  

C OTTON VALLEY BAS I N  

MAX I MUM RECOVERAB LE GAS 
AND 

PRODUCT I VE AREAS 

FORMAT I ON 

TABLE  1 9- 6  

PRODUCT I V E 
AREA {S ECT I ONS) 
1 ' 027 

MAX I MUM 
RECOVERABLE  

GAS (BCF) 

1 2 , 8 1 6  

SUMMARY OF COTTON VALLEY BAS I N  GAS POTENT I AL 
( BC F )  

FORMAT I ON $ 2 . 50 

5387 

BASE 
$ 5 . 00 $9 . 00 

6976 7292 

ADVANCED 
$2 . 50 $ 5 . 00 $9 . 00 

83 52 9795 1 2 7 3 5  



TOTAL BAS I N  AREA ( SECT I ONS ) : 1 3 1 40 
TYPE : B I a n ket 

NGL ( BBL/MMC F ) : 9 .  

AVERAGE PRODUCT I V E H/C GAS NET PAY 
PERM.  AREA POROS I TY TH I CKNESS 
(MD ) ( SECT I ONS ) < % ) ( FT . ) 

0 . 3  2 I I . 0  5 . 5  
1-' 
1.0 
I 0 .  I 8 7 . 9  1 4 . 0 1-' 00 

0 . 03 4 1  5 . 0  29 . 0 

0 . 0 1 1 54 4 . 0  48 . 0 

0 . 003 308 3 . 3  70 . 0 

0 . 00 1  1 54 2 . 9  85 . 0 

0 . 0003 1 03 2 . 6  I I 0 . 0  

0 . 000 1 1 03 2 . 4  1 50 . 0  

0 . 00003 1 03 2 . 2  2 1 0 . 0  

0 . 0000 1 5 1  2 . 0  400 . 0  

1 027 

TABLE 1 9- 7  

GEOLOG I CAL DATA SUMMARY 

BAS I N : Cotton Va l l ey 
SUBBAS I N : 
FORMAT I ON :  

EST I MATED MAX . 
GAS I N  PLACE AT RECOVERABLE 
RESERVO I R  COND.  GAS 

( BCF ) ( BC F ) 

8 . 8  7 .  

64 . 4  52 . 

432 . 5 328 . 

2 1 5 1  . 38 1 538 . 

5 1 7 7 . 48 3462 . 

27 6 1  . 2  1 723 . 

2 1 43 . 4  1 24 2 .  

2697 . 6  1 44 3 .  

346 1 . 8  1 69 7 .  

2968 . 2  1 324 . 

2 1 86 7 .  1 28 1 6 .  

DEPTH ( FT .  ) : 
PRESSURE (P S I  A ) : 
TEMPERATURE ( ° F ) : 

9000 
5500 

250 

FOR EACH DR I LL I NG LOCAT I ON W/C : 
PROBAB I L 1  TY PROBAB I L 1  TY THAT W/C I S  

THAT STATE OF PRODUCT ! V E ,  G I VEN  THAT 
NATURE I S  STATE OF NATURE I S  PROD 

PRODUCT I VE 1 st W/C 2nd  W/C 

• I 0 . 80 I . 0  

. 20 . 80 I . 0  

. 20 . 80 I . 0 

.30  . 80 I . 0  

. 40 I . 0  

.60  I . 0  

. 80 I . 0  

. 95 I . 0  

. 95 I .0  

. 95 I . 0 



K • 0 . 3  0 . 1  
Y E A R  

1 4 9 0  6 6 9  

2 3 6 3  4 69 I-' \.0 I I-' 
1.0 5 2 1 8 3 1 5  

1 0  1 2 1  2 0 3  

1 5  1 7  1 4 9  

2 0  5 6  1 0 5  

3 0  3 1  7 3  

3 0- Y E A R 
C U M M . 
P R O D . 3 6 2 1 5 7 1 9 

< M M C F ) 

TABLE  1 9-8  

W E L L  P R O D U C T I ON S U M M A R Y- - B A S E  C AS E  

C OTT O N  V A L L E Y  

G A S  P R O D U C T I O N  ( H M C F / Y E A R / W E L L )  

0 . 0 3 o . o 1 0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

6 1 1  5 1 2  3 4 7  2 2 0  1 4 3  

3 9 5  3 1 0 2 0 5  1 2 1  1 1  

2 8 0 2 1 1  1 3 1  8 0  4 6 

2 0 6  1 6 6 1 0 1  5 8  3 3  

1 6 2  1 4 2  8 8  4 9  3 0 

1 3 4  1 2 4  B O  4 4  2 6  

9 4  1 0 1  7 0 3 9  2 2  

5 7 7 0  4 9 4 9  3 1 8 2  1 8 3 8 1 1 0 7  

o . o o o 1  o . o o o o 3  o . o o o o 1  C M D )  

1 0 5  1 1  7 8  

5 7  3 8  4 2  

3 3  2 3  2 0  

2 3  1 6  1 7  

1 9  1 3  1 4  

1 7  1 1  1 2  

1 5  9 1 0  

7 6 8  5 3 6 5 4 5  



K • 0 . 3 0 . 1 
Y E A R  

1 6 8 7  1 0 3 9  

1-' 2 4 9 9  7 0 0  
1..0 
I 

1\J 
0 5 3 3 1  4 6 8  

1 0  2 1 3  3 2  7 

1 5  1 5 2 2 5 7  

2 0  1 1 8  1 9 8 

3 0  7 3  1 4 6  

3 0 - Y E A R  
C U M M . 
P R O D . 6 0 7 5  9 3  5 8  

( M M C F ) 

TABL E  1 9- 9  

W E L L P R O D U C T I O N S U M M A R Y - - A D V A NC E D C A S E  

0 . 0 3 

1 4 9 7  

9 9 2  

6 4 4  

4 4 9  

3 4 1 

2 7 8  

1 8 9  

1 2 8 3 1  

C O TT O N  V A L L E Y  

G A S  P RO D U C T I O N  ( M M C F / Y E A R / W E l l ) 

o . o 1  0 . 0 0 3  0 . 0 0 1  0 . 0 0 0 3  

1 4 2 3  1 1 8 1 7 9 8  5 4 7  

9 0 2 6 8 1  4 3 7  2 9 4  

5 7 2 4 1 6  2 6 9 1 7 1 

4 1 2 3 0 1 1 8 7  1 1 9 

3 3 3  2 5 0  1 5 8  1 0 2  

2 8 2 2 1 7  1 3 7  8 9  

2 2 1  1 7 6 1 1 4  7 2 

1 2 3 3 6  9 4 0 6  6 0 1 3  3 9 08 

0 . 0 0 0 1  0 . 0 0 0 0 3  0 . 0 0 0 0 1  C M D )  

3 9 6  2 6 4  2 4 1  

2 1 7  1 5 4 1 5 3  

1 2 6  9 1  9 1  

8 8  6 4  6 4  

7 2 5 1  5 4  

6 2  4 5  4 6  

5 2 3 6  3 8  

2 8 3 4  2 0 1 3  2 0 3 0  



TABLE 1 9- 1 0  

PRODUCT I ON WE LL  REQU I REMENTS 

BAS I N : Cotton V a  I I ey 
SUB-BAS I N : 
FORMAT I ON :  

BASE CASE ADVANCED CASE 
NUMBER OF NUMBER OF RECOVERABLE NUMBER OF NUMBER OF RECOVERABLE 

WE L LS/SECT I ON WEL LS/SECT I ON GAS FROM WELLS/SECT I ON WEL LS/SECT I ON GAS FROM 
PERM .  REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS REQD . TO PRODUCE ACTUALLY USED ACTUAL WELLS 
( MD )  ALL GAS ( MAX=4 l ( BC F ) ALL GAS [ MAX= 1 2 l  < BC F )  

. 3  I • I 7 I • I • 7 

I-' 
• I I • I 52 I • I • 52 1.0 

I IV I-' • 03 I • I 328 I • I • 3 28 

• 0 I 2 . 2 1 538 I • I • 1 538 

. 003 3 . 5 3 . 5 3462 I . 2  I . 2  3462 

. 00 1  6 . 08 4 1 1 33 I .  9 I .  9 1 723  

. 0003 1 0 . 88 4 4 56 3 .  I 3 .  I 1 24 2  

. 000 1 1 8 . 24 4 3 1 6  4 . 9  4 . 9  1 443 

. 00003 30 . 6  4 22 1 8 . 2  8 . 2  1 69 7  

. 0000 1 47 . 6  4 I l l  1 2 . 8  1 2 . 0  1 243 

7 624 1 273 5 



...... 
� I 
IV 
N 

TABLE  1 9- 1 1 

I NVESTMENT AND OPERAT I NG EXPENSES 

BAS I N : Cotton Va l l ey 
SUB-BAS I N : 
FORMAT I ON :  

Geo l og y  and  Geop hys i cs ( $/Pros pect ) 1 7 5 , 000 

Dr i I I i ng Cost ( $/We I I ) 

Fracture Cost ( $/We i I )  

- Base Ca se [ 1 000 Ft . Fracture ) 
- Ad vanced Case 1 2000/4000 Ft.  Fracture ) 

S u r f  ace Eq u i pment ( $/We I I ) 

An n ua l Operat i ng Expense ( $/We i I )  

Compressor Fue l Cos t ,  Rat i o  of Cost to 

W .  I • Gas Revenue 

597 , 000 

95 , 000 - 4 1 2 , 000 
1 2 1 , 000 - 1 , 307 , 000 

4 5 , 000 

1 4 , 400 

. 023  



TABLE 1 9- 1 2  

BAS I N  Cotton V a  I I e� ECONOM I CS SUMMARY 

SUB BAS I N  FORMAT ION 

AVERAGE PER PROSPECT BAS I N  TOTALS 
PROF I T  K-LEVELS E & P GAS NET PRES . UCF RATE 

GAS PR I CE PROSP . ON STREAM I NVEST.  PROD . VALUE OF RETURN GAS RECOVER. MAX RECOV . 
CASE NO . $/MCF _ %_ NO. VALUE * _$_M _ BCF $M % AT PRI CE1BCF G I P1BCF 

D i scount Rate 1 0% 
2 10 1 1 1 1  1 .  50 1 8 .  I 5 ABCDE 3 1 5 1  7 . 647  1 56 1 1 . 5  5387 5387 

2 1  2 . 50 26. 1 6 ABCOEF 4 398 1 0 . 7 5 5  1 739 2 3 .  I 6520 7 1 1 0  
3 1  3. 1 0  " " " " " 2686 30 . 0 
4 1  3 . 50 " " " " " 33 1 7  34 . 4  
5 1  5 .00 34 . 1  7 ABCDEFG 5 1 28 1 1 . 797 6030 49 . b  6976 8352 
61  7 .00 4 2 . 7  8 ABCDEFGH 6281 1 2 . 748 9823 6 7 . 9  7292 9795 
7 1  9 . 00 58.6 10  A-J 763 1 1 3 . 56 5  1 39 1 1 82 . 9  7624 1 28 1 6  
8 1  1 2 . 00 " " " " " 1 97 74 1 0 7 . 7  

I-' 
1.0 D i scount Rate 1 5% I 1 2  1 . 50 6 . 1 1 D 1 667  2 . 363 -529 4 . 1  - -
!\..) 22 2 . 50 1 8 . 1  5 ABC DE 3 1 5 1  7 . 647  5 72 22.3  5387 53!l7 
w 32 3. 1 0  26 . 1  6 ABCDEF 4398 1 0 . 7 5 5  1 4 1 1 30 . 0  6520 7 1 1 0 

42 3 . 50 " " " " " 1 849 34 . 4  " " 
52 5 .00 34 . 1  7 ABCDEFG 5 1 28 1 1 . 79 7  36tl5 49 . 8 6976 8352 
62 7 .00 " " " " " 6067 69 . 3  " " 
72 9.00 42. 7  8 ABCDEFGH 628 1 1 2 .  74tl 8802 8 5 . 9  7292 9795 
82 1 2 .00 58.6  10  A-J 763 1 1 3 . 565 1 309 1 0 7 . 7  7624 1 28 1 6  

D i scount Rate 20% 
1 3  1 . 50 6 . 1 I 0 1 667  2 . 363 -6 1 6  4 . 1  - -
23 2 . 50 1 8 . 1 5 ABCOE 3 1 5 1 7 . 647  1 39 2 2 . 3  5387 538 7  
33 3. 1 0  " " " " " 5 1 2  28 . 3  " " 
43 3 . 50 26. 1 6 Al:lCUEF 4398 1 0 . 7 55 1 039 34 . 4 6520 7 1 1 0  
53 5 . 00 " " " " " 2266 50 . 1  " " 
63 7 . oo 34 . 1  7 ABCOEFG 5 1 28 1 1 . 797 4 1 67 69 .3  6976 8352 
73 9. 00 " " " " " 595 1  86 . 5  " " 
83 1 2 .00 42 . 7  8 ABCDEFGH 6281  1 2 . 748 9039 1 09 . 3  7292 9795 

*CODE : A B c D E F G H I J 
0 . 3  0 . 1 0 . 03 0 . 0 1  0 . 003 0.001  0 . 0003 0 . 0001 0 . 00003 0 . 0000 1 

MAX . NO. 
PROSP . 

AT PR I CE 

704 
606 

5 9 1  
572 
562 

-
704 
606 

" 
5 9 1  

" 
572 
562 

-
704 

" 
606 

" 
59 1 

" 
572 

TECHNOLOGY 
DATE 

WI LOCAT 

!:lase 
September 1 980 

WELLS 

SUCCESS W I LDCAT DEVE LOPMENT 
_%_ Q!:.l Prod . Q..l:y_ P rod . 

1 5 . 9  6 7 5  238 34 1 1 362 
2 2 . 9  533 1 58 478 1 9 1 7  

29 . 9  472 202 562 2247 
37 . 4  408 244 669 2676 
5 1 .4 3 1 1  329 802 3207 

5 . 4  
1 5 . 9  675  1 28 34 1 1 362 
2 2 . 9  533 1 58 478 1 9 1 1 

" " " " " 
29 . 9  472 202 562 2247 

" " " " " 
3 7 . 4  308 244 669 2676 
5 1 . 4 3 1 1 329 802 3207 

5 . 4  
1 5 . 9  6 7 5  1 28 34 1 1 362 
" " " " " 

22. 9 533 1 58 478 1 9 1 1  
" " " " " 

29 . 9  472 202 562 2247 
" " " " " 

3 7 . 4  408 244 669 2676 

Tota l 

2506 
3080 

3483 
3998 
4650 

2506 
3080 

" 
3483 

" 
3998 
4650 

2506 
" 

3080 
" 

3483 
" 

399tl 



TABLE  1 9- 1 3 

ECONOM I CS SUMMARY 
BAS I N  Ccttcc llal ]e)! TECHNOLOGY Advanced Case 

SUB BAS I N  FORMAT I ON DATE 

AVERAGE PER PROSPECT BAS I N  TOTALS WE LLS 
PROF I T . K -LEVELS E & P CAS NET PRES .  DCF RATE MAX NO . W I LDCAT 

GAS PR I C E  PROS P .  ON STREAM I NVEST . PROD . VALUE OF RETURN GAS RECOVER . MAX RECOV . PROS P .  SUCCESS W I LDCAT DEVE LOP11ENT 
CASE NO . S /I',C F ___..%._ rW . VAI. UE ir _lli_ � �M % AT PR I C E  II C F  G I P  BCF  AT PR I C E  % DRY PROD . DRY PROD . TOTAL 

D i scoun t Rate  1 0� 
21 0 1 2 1 1 I .  50 26 . 1 6 ABCDEF 3570 I I  . 347  1 08 1  1 9 . 4  7 1 1 0  7 1 1 0  627 22 . 9  5 5 1  1 64 1 73 691 1 579 

2 1  2 . 50 34 . 1 7 ABCDEFG 4622 1 3 . 632 36 1 2  3 7 . 2  8352 8352 6 1 3  29 . 9 490 209 249 997 1 94 5  
3 1  3 . 1 0  34 . 1 7 ABCDEFG 4622 1 3 . 632 5032 4 7 . 3 8352 8352 6 1 3  29 . 9  490 209 249 997 1 945 
41  3 . 50 42 . 7  8 ABCDEFGH 7525 1 7 . 207 69 1 6  5 1 . 7  9795 9795 569 3 7 . 4  406 243 40 1 1 60 5  2655 
5 1  s . oo 58 . 6  1 0  A-J 1 4268 23 . 3 1 8  1 3636 66 . 0  1 2 735 1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 
6 1  7 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  2 1 643 99 . 8  1 2 735 1 2 8 1 6  546 5 1 . 4  302 320 764 3056 4442 
7 1  9 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  29649 1 29 . 9  1 2 735 1 28 1 6  546 5 1 . 4 302 320 764 3056 4442 
8 1  1 2 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  4 1 659 1 68 . 3 1 2 735 1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 

D i scount  Rate 1 �/, 
1 2  I . 50 2 6 . 1 6 ABCDEF 3570 1 1 .  347 372 1 9 . 4  7 1 1 0  7 1 1 0  627 2 2 . 9  �5 1  1 64 '43 691  1 549 1-' 22 2 . so 34 . I 7 ABCDEFG 4622 1 3 . 632 2 1 34 3 7 . 2 8352 8352 6 1 3  29 . 9  90 209 2 9 997 19 5 

1.0 3 2  3 . 1 0  34 . 1  7 ABCDEFG 4622 1 3 . 632 3 1 58 4 7 . 3 8352 8352 6 1 3  29 . 9  490 209 249 997 1 945 I 42 3 . 50 34 . I 7 ABCDEFG 4622 1 3 . 632 384 1 5 3 . 8  8352 8352 6 1 3  29 . 9  490 209 249 997 1 945 N 5 2  s . oo 42 . 7  8 ABCDEFGH 7525 1 7 . 207 7538 76 . 8  9795 9795 569 3 7 . 4  406 243 4 0 1  1 605 2655 
� 62 7 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  1 4466 99 . 8  1 2735  1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 

72 9 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  20206 1 29 . 9  1 2735  1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 
82 1 2 . 00 58 . 6 1 0  A-J  1 4268 2 3 . 3 1 8  2881 6  1 68 . 3 1 2735  1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 

D i scou n t  Rate 20% 
1 3  I .  50 1 8 .  I 4 BCDE 2667 7 . 642 -246 1 5 . 6  1 5 . 9  
23 2 . 50 26 . I 6 ABCDEF 3570 1 1  . 34 7 1 042 3 5 . 4  7 1 1 0  7 1 1 0  627 22 . 9  55 1 1 64 1 73 69 1 1 5 79 
3 3  3 . I 0 34 . I 7 ABCDEFG 4622 1 3 . 632 2067 47 . 3  8352 8352 6 1 3  29 . 9 490 209 249 997 1 945 
43 3 . 50 34 . I 7 ABCDEFG 4622 1 3 . 632 2592 5 3 . 8  8352 8352 6 1 3  29 . 9 490 209 249 997 1 94 5  
SJ  5 . 00 42 . 7  8 ABC DEFGH 7525 1 7 . 207 5 3 1 5  76 . 8  9795 9795 569 3 7 . 4 406 243 401  1 605 2655 
63  7 . 00 58 . 6 1 0  A- J 1 4268 2 3 . 3 1 8  1 03 1 9  99 . 8  1 2 735 1 28 1 6  546 51 . 4 302 "320 764 3056 4442 
73 9 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  1 4 7 1 3  1 29 . 9  1 2735 1 28 1 6  546 5 1 . 4  302 320 764 3056 4442 
83  1 2 . 00 58 . 6  1 0  A-J 1 4268 2 3 . 3 1 8  2 1 304 1 68 . 3  1 2735 1 28 1 6  546 51 . 4 302 320 764 3056 4442 

* CODE : A B C D E F G H I J 
0 . 3  0 . 1 0 . 03 0 . 0 1 0 . 003 0 . 00 1  0 . 0003 0 . 0001  0 . 00003 0 . 000 0 1  



APPENDIX 



APPENDIX 

The fol l owi ng i s  an a l terna t ive e s t ima te of econom i c a l l y  r ecov
erab l e  b ioge n i c  gas in the No r thern Gre a t  Pl a i n s/Wi l l i s to n  bas i n  
pre sented by a memb e r  o f  the s t ud y  g roup . 

NORTHERN GREAT PLA I NS/W I LL I STON BAS IN--ALTERNAT IVE E S T IMATE 
OF ECONOM ICALLY RECOVERABLE B IOGEN I C  GAS 

Ava i l ab l e  e s t ima t e s  o f  recove rab l e  gas  i n  Cre taceous r e s e rvo i r s  
of t h e  nor thern Gre a t  Pla i n s  d i f fe r  cons iderably , r a ng i ng from more 
than 1 0 0  TCF to only abou t one-tenth that amoun t .  The h ig h  e s t i
ma te i s  based on a s t ud y  by the USGS . Al l e s t ima t e s  a re q u a l i f i ed 
to the extent  tha t  a c t ua l  recove r ie s  wi l l  be d e t e rm i ned by technol
ogy and econom i c s . The gre a t  d i f ferences i n  the  e s t ima te s  res u l t 
from f undame n ta l  d i f ferences  i n  theor i e s  conc e r n i ng o r ig i n  o f  the 
gas . 

At l e a s t  four theor i e s  are i n  vog ue a s  the o r i g i n  o f  h yd ro c a r
bon g a s  cons i s t i ng predom i nantly o f  me thane wi th h ig h  n eg a t ive c ar
bon i so tope v a l ue s .  The gas is us ual ly fo und at s h a l l ow d epth s i n  
underpr e s s ured accumul a t ions . Th e northern Gre a t  Pl a i n s  h a s  been 
de scr ibed as a par t i c ul a r ly f avorable h ab i ta t  for t h e se k i nd s  of  
gas  accumul a t ions . 

Thermal Theory 

A t heory h e l d  by some Europe an geochem i s t s i s  t h a t  g a s  w i th 
these character i s t i c s  has  h ad d ual the rmal o r i g in s . The y  b e l i eve 
that some of the se g a s  accumu l a t ions we re gene ra ted a t  an e a r l y  
s tage o f  carbon i za t i o n , and t h u s  a r e  t h e rmal ly imma t ure a nd i so
top i c a l ly l ig h t . Al so , they a t t r ibu te some to g e n e r a t i o n  a t  h ig h e r  
s t ag e s  o f  carbon i za t i o n , fo l l owed by i so top i c  frac t iona t ion a nd 
molecular segreg a t ion along m i g r a t io n  pa th s , thereby perm i t t i ng 
nearly p ure me thane enr i ch ed in c l 2  to be concen tra ted in s h a l l ow 
accumu l a t i ons . Al though s e r ious que s t io n s  h ave been ra i sed reg a rd 
i ng l a rge i so tope fra c t i on a t ions  d ur i ng g a s  m ig r a t io n , t h e s e  sc i e n
t i s ts have a number o f  c oge n t  argumen t s  to s uppo r t  the i r  po s i t i o n . 
Und oubted ly , some so-c a l led b iogen i c  gas  i s  o f  one o r  bo t h  o f  these 
d e r iv a t i ons , perhaps even i n c l ud ing ac cumul a t i o n s  in  the northern 
Gre a t  Pla i n s . 

Depos i t ional B ioge n i c  Gas Theory 

Ano ther theory s trong ly advoca ted by the U . S .  Geo l og i c al S u rvey 
ma i n ta in s  that c omme r c i a l  acc umul a t ions o f  b iogen i c  g a s  formed as a 
re s ul t  o f  anaerob i c  ( me thanogen i c ) bacte r i a l  g e n e r a t ion from or
g an i c  ma tter and C0 2 d ur i ng depo s i t io n  and early b u r i a l . Acc o rd 
i ng ly , t h e  no rthern Gre a t  Pl a i n s  a c c umul a t ions would be a b o u t  7 5  
m i l l ion to mo re than 1 0 0  m i l l ion ye ars old . Cr i t i c s  o f  t h i s  theory 
que s t ion whe ther me than e , wi th i t s  mob i l i ty a nd h igh e sc ape rate , 
could s urv ive i n  comme r c i a i  accumul a t ions und e r  re l a t iv e ly 

A- 1  



i ne f f e c t ive arg i l l aceous  rock s e a l s  for t h a t  l e ng th o f  t ime . The 
methane mo l e c u l e  c a n  d i f f u s e  rather freely t h roug h the s ub c ap i l l ary 
pore sys tem of arg i l laceous rocks , even whe n  the se pore s conta i n  
mul t i pl e  l aye r s  o f  ad sorbed wa te r . Frac t u r e s  and other common 
m ig r a t ion pa thways gre a tly e xped i te the rate  o f  e sc ape o f  me than e . 
Th i s  po i n t  i s  coun tered to a certa i n  exten t by the f a c t  that  these 
a c c umul a t ions us ual ly a t ta i n  a l ow-pre s s ure equ i l ib r i um w i th the i r  
s ur round i ng s , t h u s  m i n im i z i ng f u r th e r  l os s , i f  f l u i d -pr e s s ur e  s e a l s  
r ema i n  i n tact and e f fe c t ive . 

Post-Depo s i t ional B ioge n i c  Gas Theo ry 

A th i rd theory regard i ng b iogen i c  g a s  o r i g i n  i s  that  the prog 
e ny o f  anae rob i c  b a c te r i a  bur ied w i th the sed ime n t  s ur v i v e  through 
the m i l l en i a  a f t e r  l i t h i f i c a t ion o f  the sed imen t ,  wh i l e  g e nera t i ng 
g a s  ove r a long span of g eolog i c a l  t ime . Th u s , s ome g a s  could have 
been generated c ompara t ive ly recen tly and tha t gas would c ompr i s e  
the accumul a t io n s  b e i ng found i n , for exampl e ,  the  northern Gre a t  
Pla i n s . Perhaps t h e  s t ro nge s t  arg ume n t  aga i n s t  t h i s  theory i s  tha t 
chang i ng cond i t ions through a l ong t ime span m i l i ta te ag a in s t  s ur
v ival o f  the anae robe s .  Nu tr i ents for the b a c te r i a  may not b e  
s u f f i c i en t ,  o b j e ctors bel i eve , t o  s u s t a i n  b a c te r i a l  ac t iv i ty f o r  
m i l l ions of ye a r s , nor would other e s sen t i al e n v i ronme n tal cond i 
t ions rema in favorable ( tempe ratur e ; d i spo s a l  of tox i c  wa s t e , e tc . ) 
i n  many par ts of s uch a h uge are a .  Howeve r ,  th i s  a r g ume n t mus t b e  
tempe red b y  t h e  f a c t  that  bacte r ia are rema rkably adaptab l e , a nd 
no t much i s  known about the i r  ab i l i ty to s urv ive a s  v i ab l e  o rg a n
i sms for pro long ed pe r iod s i n  the s l owly c h ang i ng phys i c a l  and 
c h em i c a l  e n v i ro nme n t  of bur i ed s emimentary rock s . 

B ioge n i c  Gas Gene r a ted After Re cent E n try I n to S ub s urface  

Accord i ng to  the  fourth theory regard i ng the o r ig i n  o f  shal l ow 
me thane-r i ch g a s e s  h ig h l y  enr i ched i n  c arbon- 1 2 ,  the g a s  i s  geo l og
i c al ly you th f ul . It  re s ul t s  from curren t o r  recen t anaero b i c  bac
te r ia l  encroachme n t  i n to the  s ub s ur fa c e , the me thanogen i c  b a c te r i a  
ma i n ly u t i l i z i ng C 0 2 and d eg rada t ion prod uc t s  from ae rob i c  b a c
te r ia l  consumpt ion of c rud e o i l  to generate b i og e n i c  g a s . By 
" recen t "  i n  the above context i s  me ant bac ter i a l  g e nera t io n  d ur i ng 
the Qua te r nary and perhaps d ur i ng the Pl iocene . 

Oppo s i t io n  to th i s  theory i s  based on the c o n te n t i o n s  t h a t  ( l )  
anae rob i c  bacte r i a  c annot pene tra te the s ubs urface b e c a u s e  o f  the  
o xyg e n a ted cond i t io n  o f  the  recharge wa ters and ( 2 )  anaerobe s are 
no t pre sent  a t  the s urface i n  the northern Gre a t  Pl a i n s  and s im i l ar 
areas . Th us , they could no t e n te r  the s ub s ur fa c e  even i f  geo log
ical cond i t ions pe rmi tted entry .  Howeve r ,  they were pre s e n t  i n  
Cre taceous i n l and s e a s . 

Be c a u s e  of the d i f f i cu l t i e s  i n  i so l a t i ng v i ab l e  me thanoge n i c  
bacte r i a , the i r  e n z yme s , o r  the i r  r ema i n s  from sed imentary rock s , 
and because they are no t spo re-forme rs , no d i re c t  ev i d e n c e  i s  
ava i l able to e s tab l i sh the i r  pre sence . On l y  c i r c umstan t i a l 
ev idence has  been a c c umul a ted to sugge s t  the i r  pre sence o r  former 
pre sence . One l in e  o f  ev idence is oc c urrenc e s  o f  pre s umed b iogen i c  
g a s . I f  the g a s  i s  i ndeed therma l , th i s  " ev id ence " i s  mean i ng le s s . 
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But when the gas i s  i n  a recharge are a ( percol a t i ng me teor i c  wa ter 
that en tered the s ub s ur face from s ub ae r i a l  o r  s ub aqueous s urface  
se t t i ngs ) as  de t e rmined by s a l i n i ty ,  wa ter c ompos i t io n , t empera t ur e  
and pre s s ur e  d a t a , a nd d i re c tly d ownd i p  from a r e a s  o f  prove n a e ro
bic bacte r i a l  a c t i v i ty ,  the c i rcums tan t i a l  ev id e nc e  for anaerob i c  
bacterial  act iv i ty i s  reg a rded as conv i nc i ng by some a u thor i t i e s . 
Th i s  i s  the hab i ta t  o f  much o f  the gas  regard ed a s  b iogen i c . Fur
thermore , th i s  common a s so c i a t ion wi th a c t ive o r  re c e n tly a c t ive 
recharge wa ters near o u tcrop s , frac t ure se t s , o r  f a u l t s , a nd i n  
prox imi ty to a c t ive ae rob i c  bacte r i a , i s  cons id e red ind i c a t ive o f  
fa i r ly recent e n t ry ,  geolog i c a l ly spe a k i ng , i n to the s ubs urface by 
a naerobe s . 

Anae rob i c  b a c te r ia obta i n  the i r  oxyg e n ,  r eq u i red fo r me tabo
l i sm ,  from c h em i c a l  c ompo und s ,  e i ther i no rgan i c  ( s uc h  as co2 ) 

.
o r  

org a n i c . To coun ter the c r i t i c i sm that  anaerobe s cannot s urv1ve 
oxygena ted recharge wa ters  ( trace quan t i t ie s  o f  free o r  d i s so l ved 
oxyge n  qu i ckly k i l l  or i na c t ivate anae robe s ) ,  i t  i s  s ug g e s ted that  
the  d ownd ip front o f  the  recharge area i s  d e pl e ted o f  oxyg e n  a s  i t  
advances through perme able rock s compr i sed of uno x i d i z e d  mi nera l s . 
Upd ip wa ters reta i n  the i r  d i s so l ved oxygen because  the o x id i z ed 
minerals are unab l e  to remove i t  from the wa ter . Th i s  enables  ae r
obe s to fol low beh i nd anae robe s .  Then the ae robe s r emove d i s so lved 
oxyg e n , wh i l e  r e l ea s i ng degrad a tion prod uc t s  to the deoxyg enated 
wa ter . Th i s  wa ter m i g r a t e s  d ownd ip to s upply the a n ae robe s w i t h  
n ut r i e n t s  i n  t h e  fo rm of ae rob i c  deg rad a t ion prod uc t s . The anaer
obes use these prod uc t s  to generate me thane enr i c h ed in c l 2 , 
along wi th a m i no r  amoun t o f  e thane . They a l s o  u s e  o rg a n i c  ma t te r  
d ire tly as c a rbon a nd h yd rogen source s d ur i ng me thane g e n e r a t ion . 
An e x ce l l e n t  e x ampl e i s  the presence o f  b ioge n i c  me thane i n  g l a c i a l  
t i l l  i n  t h e  I l l i no i s  Ba s i n . 

As to the s urface so urce o f  anaerobe s ,  a ny s t agnan t ( ano x i c ) 
body of wa ter , r ang i ng from l ake s to bog s , c o u l d  prov i d e  an ampl e  
sourc e . Or an anox ic sed imen t l ayer beneath an o x i c  wa ter e nv i ron
men t  could be a source . In  the nor thern Gre a t  Pl a i n s , the s e  type s 
of wa te r bod i e s  were preval e n t  d ur i ng the pe r iods whe n  g l ac i al me l t  
water wa s wide spr e ad . 

I t  i s  par t i c u l arly no tewo rthy that  g a s  pre s umed to b e  b ioge n i c  
in  the nor thern Grea t  Pla i n s  i s  concen tra ted i n  t h e  area o f  fo rme r 
g lac ial cover and a l so i n  pro x im i ty to that  c ove r wh ere pe rma frost 
and gashyd ra te s  s ho uld h ave been pre sen t .  The farther south  the 
search is e x tended for po s s i b l e  bioge n i c  g a s  a c c um u l a t i o n s  i n  the 
Rocky Moun t a i n s  o r  Gre a t  Pl a i n s , the l e s s  s e ems to be found . The 
reasons for th i s  are be l i eved to be two- fo ld . F i rs t ,  the g l ac iers 
prov ided the c o nd i t io n s  for the anaerob i c  bac te r i a l  pre sence at  a nd 
near the s ur fa c e . Se cond , they provided the perma fros t-ga s hyd rate 
seals to he lp pre s e rve the b ioge n i c  g a s , once genera ted , from rap id 
e sc ape . Wi t h  the l a t e s t  g l ac i a l  epi sode term i n a t i ng only about 
1 1 , 0 0 0  years ago , e x c e l l e n t  pro tect ion aga i n s t  e sc ape wa s prov ided 
for the prod uc ts of Quate rnary anae rob i c  b a c te r i a l  g e n e ra t ion . Th e 
s ame seals  wo uld h ave i n h ib i ted e scape o f  a ny the rmal g a s  i n  the 
reg i on . The s i t ua t ion j u s t  d e s c r ibed is a n a l og o u s  to tha t  in  the 
We s tern S i be r i a n  Ba s in o f  the USS R  except that the Sov i e t gas a c c u
mu l a t ions , b e l i eved to be par tly therma l and partly b ioge n i c , are 
much larg e r . 
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Th i s l at te r  theory , the n , s ugge s t s  tha t the g a s  i s  q u i te young 

a nd that  i ts d i s t ib u t io n  is l im i ted to those are a s  whe r e  me thane
gen i c  b a c ter i a  were pre s e n t  on the s ur f ac e , where they c o ul d  pene
trate the s ub s ur f a c e  and s urvive , and wh ere the g e n e r a ted gas coul d 
h ave been pre s e rved und e r  e f f e c t ive se a l s .  Con s eq ue n tly , the the
o ry req u i re s  pred i c t io n s  o f  local i ze d  occurrence s  o f  gas where the 
" p l umb i ng "  was s u i table to pe rmi t acce s s  by b a c te r i a  a nd then pr e
vent the e sc ape of g e nerated ga s .  

L im i t a t ions o n  Gas Preserva t i on 

Be c a u s e  of the e x te n s ive f l u s h i ng by recharg e  wa ter in the 
northern Gre a t  Pla i n s , l a rge are a s  are not cond uc ive to g a s  
preserva t ion . No t o n l y  are t h e  po rou s  a n d  pe rme abl e reservo i r
qual i ty rocks be i ng f l u shed but the arg i l l aceous  ro cks a s  we l l .  
Th i s  i s  s uppo rted by a recent s tud y , " Geochem i c al Expl o r a t i o n  i n  
the Powd e r  R i ve r  Ba s i n , Nor theas tern Wyomi ng a nd Southea s te r n  
Mo ntan a , " by J .  A .  Mompe r and J .  A .  Wi l l i ams , s ubmi tted t o  the 
Ame r i c a n  As soc i a t io n  o f  Pe trol e um Geolog i s t s  for p ubl i c a t i o n . 

The pre s e rva t ion o f  b iogen ic gas pos s ib ly i s  f urther l imi ted 
because  ae rob i c  me thane-consum i ng bacte r i a  may be pre s e n t  in the 
reg ion . Li t tl e  is known about o c c urre nce s of t h e s e  o rg a n i sms i n  
the s ub s urface o f  the northern Gre a t  Pl a i n s ,  o r  a ny o th e r  g e o l og i 
c al province , but the ir a c t i v i t i e s  could be w i d e s pr e ad . 

Lim i ta t io n  on Gas Generat ion 

A l imi ta t ion o n  generat ion o f  b iog e n i c  gas  prob ably s h o u ld b e  
e xpec ted , owi ng to e x t e n s ive d i s t r i bu t io n  of s u l f a te wa ters . S u l 
fate ions inh ib i t  me thane prod uct ion by anae robe s ,  as  po in ted o u t  
b y  C l aypool i n  1 9 7 4 . For exampl e ,  u . s .  Bur e a u  o f  M i n e s  analy s e s  
reve a l ed the pre sence of s ul f a te wa ters i n  many Cre taceous re s e r
vo i rs whe reve r sampl ed i n  the Powd e r  River Ba s i n .  S ig n i f i c antly , 
no b iogen i c  gas  h a s  been repor ted pre s e n t  i n  q u an t i ty i n  these 
reservo i r s . Howeve r , th i s  argume n t  could be coun tered by those who 
ma i n t a i n  tha t b a c te r i a l gas is q u i te old a nd there fore , i t  c o u l d  
h ave b e e n  genera ted before the appe arance o f  s ul f a te wa te rs . Wh a t  
needs t o  be e xpl a i n ed i s  the appare n t  l a ck o f  s ig n i f i c a n t  recove r
i e s , or even shows , o f  b ioge n i c gas  from ma ny we l l s  d r i l l ed in the 
northern Great Pla in s . I s  th i s  e n t i r e l y  d ue to i n adequate te s t i ng , 
o r  to a l a ck o f  s i z e able accumul a t ions i n  many a r e a s ?  

Pos s ib l e  Asso c i a t i on o f  G a s  w i th O i l-M i g r a t i o n  P a t h s  

In  ad d i t io n  to t h e  pr ev i ously d e s c r ibed a f f i n i ty for areas o f  
g l ac i a l  a c t ivi ty , a no ther no teworthy feat ure o f  many known oc c u r
rences o f pr e s umed b ioge n i c  g a s  i n  the no rthern Gre a t  Pl a i n s  
deserves cons i d e r a t i o n . To d a te , the pr inc ipal  reserve s o f  g a s  
h ave been e s tabl i sh ed i n  are s of pr evious o i l m ig ra t io n  a nd en trap
men t ;  mo re spe c i f i c a l ly , g a s  occur s i n  the par t s  o f  the s t r a t i 
graph i c  s e c t ion i n f l uenced by the s e  migra t ion s , a nd by t h e  prod u c t s  
o f  ae rob i c  bacte r i a l  degrad a t i o n  of o i l s . Examp l e s  are the Swe e t
gras s Arc h , t h e  Be a rpaw Moun ta ins  and the i n t e rve n i ng m ig ra t io n  
pa th ; Cedar Creek An t i c l i ne ; the Hard i n  Te rrace ; t h e  nor the rn 
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Powd e r  Rive r  Ba s i n ; and the vas t  upd ip area i n  the  Al b e r t a  Ba s i n . 
A pos s i ble ex cept ion i s  g a s-prod uc t ive Bowd o i n  Dome , n o t  known to 
h ave been an o i l-migra t ion path . It se ems s ign i f i c an t  that  s truc
tural  features  s uc h  as the  Po rcup i ne Dome , Mi l e s  C i ty Ar ch , Bu l l  
Moun ta i n  Ba s i n , Hoge l and Ba s i n  ( except for the Ra pdan Tre n d ) ,  a nd 
Bl ood Creek Syn c l i ne , a l l  e s s e n t i a l ly i so l a ted f rom e f f e c t ive 
source rocks and m igra t ion path s , h ave no t y i e ld ed s ig n i f ican t 
f i nds o f  b ioge n ic g a s . Nor has  the Wi l l i s to n  Ba s i n ,  a s id e  from the 
pe r ipheral Ced ar Creek An t i c l ine . In the W i l l i so n  Ba s i n ,  the  Cre
taceous and Te r t i a ry source rock s are imma ture and , in mos t  o f  the 
Bas i n ,  Cre taceous and Te r t i a ry re s e rvo i r s  are e f f e t i ve ly i so l a ted 
f rom deepe r o i l  by e x tens ive evapo r i te s e al s . Th i s  p a uc i ty o f  b io
gen i c  gas d i scove r ie s may be expl a i n ed , in par t ,  as the re s ul t  o f  
i nad equa te explorat ion , b u t  i t  may b e  caused a l s o  by the l ack o f  
ae rob ic bacte r i a l  d eg r ad a t ion prod uc ts because o f  the  l a c k  o f  c r ud e  
o i l and of C02 a t  shal l ow d epths . 

Deg rad a t ion prod u c t s  and C02 are cons i d e red by some a u thor i
ties to be the ma i n  source ma ter i a l s  for the g e ne r a t i o n  of me thane 
and for an oxyg e n  s upply for the me thanog e n i c  anae rob i c  b a c te r ia . 
Of c o ur se , C 0 2 alone i s  no t s u i table ; an ample s upply o f  h yd rog e n  
i s  needed a l so . Th e only known sou r c e s  of hyd rog e n  are organ i c  
ma tter and o i l-d egrad a t ion prod uc t s . The c ommon a s soc i a t io n  
betwe e n  o i l  mig r a t ion p a t h s  and occurre n c e s  o f  so- c a l l ed b ioge n i c 
gas i s  one arg ument u s ed by those f avor i ng Theory 1 t h a t  the gas  i s  
therma l rather than bacter i a l . 

To make accur a te resource e s t ima t ions , i t  i s  c ru c i a l  to know 
wh ich of these theor i e s  i s ,  or are , correc t .  Al l bu t Theory 2 ,  
wh ich con s id e rs the g a s  a s  anc ient  and the re fore almo s t  ub iqu i tou s , 
pl ace de f i n i te l imi ta t ion s on the are al exte n t o f  t h e se so ugh t
a f ter shal low gas accumul a t ions . I b e l ieve t h a t  the we i g h t  o f  
evidence s uppo r t s  Theory 4 ( th a t  the gas i s  you ng a nd d ominan t l y  
formed n e a r  or b e n e a t h  g l ac i a l  cove r al ong o i l -mig r a t i o n  pa th s ) a s  
the mos t  real i s t ic i n  e xpla i n i ng t h e  o r i g i n  o f  m u c h  o f  t h i s  g a s . 
Theory 1 ,  the therma l theory , may accou n t  for a s ub s ta n t i a l  quan
t i ty i n  certa in area s .  I f  so , a conse rva t ive re so urce e s t ima te i s  
i n  orde r .  Eve n bas i ng e s t ima te s on Theory 2 ,  a mo re conserva t ive 
approch se ems d e s irable than to use the be s t  o f  the Can ad i an f i e l d s  
a s  a n  analog when e s t ima t i ng l ike ly resour c e s  i n  t h e  nor the rn Gre a t  
Pla ins  of t h e  Un i ted State s . 

From the for eg o i ng cons id era t i on s , my opt imum e s t ima te o f  the 
resource of b ioge n i c g a s  in the four-s tate northe rn Gre a t  Pl a i n s  
reg ion of the Un i ted States i s  about 1 0  tr i l l io n  c ub i c  fee t  � f 
techn ical ly and econom i c a l ly re coverable g a s . A c omp l e te ly lnde
pendent e s t ima te by one of the operato r s , b a s ed o n  e n t ire l y  d i f
ferent con s id e ra t ions , i s  a max imum of 1 5  t r i l l ion fee t .  The se 
e s t ima tes are a lmo s t  one o rd e r  of mag n i t ud e  l owe r than the USGS 
f ig ure s , and pred i c t  l e s s  than one ye a r ' s  add i t io n a l  d ome s t i c  
s uppl y a t  pr e s e n t  prod uc t ion-consump t ion r a te s . I c a n  o n ly hope 
that the USGS fore ca s t  i s  more nearly correc t .  
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